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Abstract 
This course portfolio documents the backward design of a senior-level design elective course in 
traffic engineering within the Department of Civil Engineering at the University of Nebraska.  An 
extensive discussion of stakeholder needs for the course is followed by an analysis of formative 
and summative feedback assessments that are designed to meet the needs of a heterogeneous group 
of students in the course.  As a senior-level design elective, there is a wide variety of interest levels 
among participants in the course, varying from those who have experience with internships in the 
topic and offer letters to conduct work in this area post-graduation, all the way to those who believe 
they will never need to know the content of this course in the future, and signed up for it because 
they thought it would be easier than senior-level structures electives.  As the only civil engineering 
program within the state, there is a very wide variety of scholarship levels among the students, 
ranging from those barely able to complete their engineering degrees up to those who should be 
pursuing graduate research.  A description of course activities is provided, and student learning 
outcomes are reported and analyzed, as the instructor attempts to intentionally design a set of 
classroom assessments that will concurrently meet the needs of every student in the class.  Finally, 
the results of student evaluations of the course are presented, and a discussion of next steps wraps 
up the course portfolio investigation. 
Keywords: course portfolio, backward design, formative feedback, data driven classroom, traffic 
engineering 
Submitted: June 2017 
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Chapter 1 – Introduction to the Course Portfolio 
1.1 What is the Organization of This Portfolio? 
This portfolio is organized into five chapters, including an introduction, a reflection on the 
syllabus, a description of course activities, a documentation of student learning, and a summary 
reflection.  The first chapter provides an introduction to the portfolio itself, outlining the 
organization of the document, identifying which course was chosen and why, what the key 
outcomes for the portfolio are, and who the intended audience is.  The second chapter provides 
reflections on the course syllabus, but also could be understood to be reflections on the course 
structure.  The sections of the second chapter cover how the goals of the course shift depending on 
the stakeholder, how the goals of the course are implemented, and how the assessments, 
evaluations, and classroom experiences are designed.  The third chapter provides a description of 
course activities, detailing how student time and effort is distributed across different activities, the 
daily and weekly expectations of students, and the summative expectations of students.  The fourth 
chapter documents and analyzes student learning, examining how student objectives, time 
investment, in-class participation, homework, and project activities impact performance in the 
class.  The fifth chapter provides summary reflections and next steps, including a review of 
activities in the class both in terms of contribution to learning outcomes and efficient use of time 
for students, identifying gaps for further investigation, and conclusions for the course experience. 
1.2 What is a Course Portfolio? 
The format of this portfolio is based on the methodology presented in Making Teaching and 
Learning Visible: Course Portfolios and the Peer Review of Teaching. (Bernstein et al. 2006)  The 
main objective of this document is to conduct reflective investigation of course structures, teaching 
techniques, and assessment strategies.  The degree to which these course elements are aligned with 
the learning objectives of the course is explored, examining the snapshot of current student 
learning, and projecting future directions for course redevelopment in light of the lessons learned. 
The portfolio is developed in three phases: describing the course and its goals, describing 
the course activities, and documenting and analyzing student learning.  The first phase identifying 
goals and outcomes occurs at the beginning of the semester prior to the course being investigated, 
anticipating that a thorough review of course objectives will necessitate some level of 
redesign/development of course materials in response.  The second phase describing the structure 
and materials of the course is largely completed before the beginning of the semester in which the 
course takes place, but continues through the semester as additional materials are developed.  The 
third phase documenting and analyzing student learning begins before the start of the semester 
with identification of assessment tools, and is completed after the close of the course when all of 
the data has been collected. 
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1.3 Why Was This Particular Course Chosen? 
This particular course portfolio is an investigation of CIVE 463 – Traffic Engineering, a senior-
level design elective in the Department of Civil Engineering at the University of Nebraska at 
Lincoln.  The section documented herein is from the spring of 2017.  This section of the course is 
the second iteration of the class taught by the instructor of record (the author of this document), is 
the fifth course taught by the faculty, and the first course taught as a T.V. course with time split 
between the Lincoln and Omaha campuses. 
The initial offering of the course in the spring of 2016 was developed as just-in-time 
material, with lectures sometimes completed only hours before class, and individual homework 
assessments given before solution sets were developed.  This format of course development lead 
to periods of relative inactivity by students as they awaited new content to be developed, separated 
by periods of intense work as assessments uncalibrated for time would catch both students and 
faculty off-guard.  Levels of student resentment grew over the semester, and were abated by 
identifying the specific grievances of individual students.  Sample remediation of grievances 
included scheduling one-on-one meetings with a student upset about the faculty coming late to 
office hours, providing grading curves on individual homework assessments rather than waiting 
till the end of the semester to apply an overall curve, extending homework deadlines for 
assignments which took significantly longer than intended, and providing extra credit to those 
students who completed these assignments within the original schedule.  Although the progression 
of the course was unwieldy, at the end of the semester the core objectives of training the students 
to use the industry-standard software, providing a realistic design problem that was situated in 
engineering practice, and transferring the core content necessary for future study in traffic 
engineering was achieved. 
Ultimately, the instructor portion of the evaluation for the first iteration of the course scored 
a 4.2 out of 5, relative to a departmental average score of 3.88.  As this score is significantly above 
the range anticipated by the instructor of the course, it is hypothesized that the addressing of 
individual grievances significantly impacted the assessment results of the students.  For the reasons 
described above, the instructor felt that this course would benefit greatly from an intentional 
redesign of the material. 
1.4 What are the key outcomes and goals for this Course Portfolio? 
By conducting an intentional curriculum design process in parallel with the development of this 
portfolio, the instructor sought to develop course assessments more closely aligned with learning 
objectives, well-defined content areas to avoid the problem of developing just-in-time material, 
and to normalize and make more constant the time spent per week by students to successfully 
complete assignments.  
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1.5 Who Is the Intended Audience for This Course Portfolio? 
There are a variety of potential audiences for this portfolio which may have conflicting needs 
regarding the content and format of the document.  In order of anticipated engagement levels with 
the published product, the audience includes the author, other faculty participating in the peer 
review of teaching program at UNL, the author’s faculty peers for purposes of tenure review of 
teaching progress, and external faculty developing parallel course content. 
The primary audience is the author, who is developing this document as a learning tool to 
help shape the development of the course being analyzed; the needs of the author focus on critical 
analysis and honest assessment of how well the course is being taught and what areas of 
improvement are needed.  A secondary audience is the pool of faculty participants in the peer 
review of teaching program at UNL, who may be coming to this document in a future year for 
inspiration as they prepare their own course portfolio.  The author’s faculty peers are a particularly 
important secondary audience, as this document will serve as one of only a few points of data 
regarding the author’s teaching credentials as part of a tenure review.  A tertiary audience is found 
in other academics preparing to teach a similar course in traffic engineering who may discover this 
document as part of a web search for material as they prepare to teach the course for the first time. 
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Chapter 2 – Reflections on the Course Syllabus 
This section of the course portfolio reflects on the decisions made when developing the broad 
brushes of the curriculum design, as expressed in the syllabus, included in Appendix A.  
In exploring the thoughts behind the curriculum design, the various stakeholders and their 
different perspectives are considered, the implementation of the goals is reflected upon, and the 
design of the course assessments and evaluations is analyzed. 
2.1 How Do the Goals for the Course Shift Depending on the Stakeholder? 
The different stakeholders in this course can be put into a framework, understanding the various 
categories as institution, department, employment, student, and instructor.  The goals of the 
institutional and departmental stakeholders are mostly lock-step in the case of Civil Engineering, 
due to the large influence imparted by the Accreditation Board for Engineering and Technology 
(ABET), to whom the department is beholden to maintain accreditation.  The goals of the 
employers of course participants in the immediate future would include professional practice in 
civil engineering as well as graduate-level academic programs related to transportation 
engineering.  The students are potentially the least homogenous of the various stakeholder groups, 
and so their goals vary dramatically, course participants include students who plan to work in a 
field unrelated to transportation but needed another senior-level elective that fit with their 
schedule, ranging all the way to graduate-level students who are focused on topics directly related 
to the content of the course.  Finally, the instructor of the course must work to meet the needs of 
all other stakeholders and meet their own needs in terms of level of proficiency desired, all while 
simultaneously managing their engagement with the course in order to achieve the other 
responsibilities of their position. 
2.1.1 What are the departmental and institutional goals for this course? 
The Accreditation Board for Engineering and Technology (ABET) is the final authority on 
what learning outcomes are required for an undergraduate education to prepare students 
for professional practice as certified Professional Engineers (PE).  Within the field of Civil 
Engineering, it is not possible to attain licensure without graduating from a school that has 
achieved and maintained their accredited status with ABET.  Although ABET was 
previously directive, stipulating the courses which must be included in a degree curriculum, 
the organization adopted policy changes in 2000 that are based on measures of student 
achievement of eleven outcomes, often referred to as “a-through-k” as provided below. 
(Lattuca, Terenzini, and Volkwein 2006) 
a. an ability to apply knowledge of mathematics, science,  and engineering
b. an ability to design and conduct experiments, as well as to analyze and interpret
data
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c. an ability to design a system, component, or process to meet desired needs within
realistic constraints such as economic, environmental, social, political, ethical,
health and safety, manufacturability, and sustainability
d. an ability to function on multidisciplinary teams
e. an ability to identify, formulate, and solve engineering problems
f. an understanding of professional and ethical responsibility
g. an ability to communicate effectively
h. the broad education necessary to understand the impact of engineering solutions in
a global, economic, environmental, and societal context
i. a recognition of the need for, and an ability to engage in, lifelong learning
j. a knowledge of contemporary issues
k. an ability to use the techniques, skills, and modern engineering tools necessary for
engineering practice
An excellent starting place when looking at program outcomes that are aligned with 
the a-k criteria is appendix 2.D of Designing Better Engineering Education through 
Assessment, though on a whole this text is better suited to program assessment than to 
individual course assessment techniques.(Spurlin, Rajala, and Lavelle 2008)  While 
individual courses aren’t responsible for incorporating all of these elements, they must be 
covered in at least one course within the departmental curriculum.  In general, a course 
reports the degree to which each of the eleven criteria are met by the course, and the 
department appoints specific courses to have a level of responsibility to the department as 
a whole.  While the “a-through-k” criteria, as it is commonly known, will not have a direct 
impact on the content of the course, it will have a significant impact on the assessments 
and evaluations structured to deliver the course content. 
2.1.2 What are the employer goals for this course? 
The two employer stakeholders of this course include the civil engineering industry, and 
academic graduate programs primarily, considering only the anticipated employer of the 
students immediately following the completion of their degree program. 
Engineering practitioners, in the form of a manager at a consulting firm, will 
generally only count on this (or any other) course for providing background-level 
knowledge, relying on on-the-job training of junior engineers rather than prior knowledge 
from coursework.  There is a chance that exceptional training through the course will be 
recognized by an employer and a successful student from the class can increase their level 
of responsibility at a faster rate than they would have otherwise, but this will not be the 
majority experience had by students.  In the minority of instances, when a course of this 
type is offered by an institution in one of the major metropolitan areas around the country, 
it is offered in the evenings and seeks to bring in practicing engineers who are seeking post-
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graduate/professional training in their practice focus area.  The incorporation of actively 
practicing engineers into the student body has a tremendous impact on the level and content 
of the course, but will largely not be discussed within this document due to the student 
body being served.  One goal in terms of development of the course is to have students 
achieve such a high level of skill mastery from their situated design experiences that a new 
category of employer stakeholder is created, where future employers who were past 
participants in the class actively seek to recruit students from this course in order to gain 
more employees with these skills. 
There are three different situations in which a student’s performance within this 
course might impact a future situation in graduate school.  The first situation is that a small 
portion of the class is currently enrolled in graduate school at UNL, and this course serves 
as a core course for both the master’s and Ph.D. level curriculum.  The second situation is 
that undergraduate students who choose to remain at UNL for a graduate degree will be 
required to retain the knowledge from this course, but will not be permitted to retake it for 
credit.  The third situation is of undergraduate students who wish to pursue graduate 
degrees at other institutions, where they will be required to retake the course content as a 
course in traffic engineering at their new institution (if they choose to focus on 
transportation); similar to the industry approach of assuming nothing but transfer of 
background knowledge regarding the learning outcomes of the course, other academic 
institutions will not credit the learning outcomes of a course taught outside of their own 
department. 
Because the learning outcomes of the course are assumed to be minimal by future 
employers in professional practice or at other academic institutions, the critical employer 
stakeholder is the graduate program at UNL.  As a core course for both an MS and Ph.D. 
degree from our institution, this course is fundamental to the knowledge of a graduate 
degree in the specialty of transportation engineering.  All current or potential graduate 
students in the course must retain the core concepts with a rigor that would enable them to 
alternatively conduct research on the topic, or successfully complete a qualifying exam that 
included content on this topic.  This will be the standard by which high-performing students 
in the course will be held, relative to the needs of employer stakeholders. 
2.1.3 What are the student goals for this course? 
Students in the course can be categorized based on high/low-scholarship and high/low-
interest.  A high-scholarship student represents the ideal learner who pays attention during 
class, completes their assignments in a timely fashion, asks questions about homework 
problems that they are struggling on, and follows up on missed information to correct their 
knowledge in advance of summative assessments.  High-interest students represent those 
who are actively pursuing transportation engineering as a professional career post-
graduation.  Student responses to an in-class survey question regarding their future plans 
responded that approximately 1/3 of students intended to pursue transportation=related 
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career work, 1/6 were undecided, 1/3 intended to pursue structures, and 1/6 intended to 
pursue a different sub-discipline of civil engineering. 
The high-scholarship students raise the overall rigor of the course.  The group with 
the highest level of expectations from the class are the high-scholarship/high-interest 
students.  These students not only have a vested interest in the material of the class, but 
they are willing to put in the time and effort necessary to complete more challenging 
assignments.  These students are highly driven to achieve all of the learning objectives of 
the course to the greatest degree possible, both to maintain their high GPAs, and to prepare 
for implementation of the content in their careers.  The high-scholarship/low- interest 
students, in contrast, are willing to put in the time and effort to achieve their desired grades 
in the course, but only have a vested interest in their grades, and not in the content itself.  
All of the high-scholarship students have been found to have a strong desire for course 
content that rewards effort and penalizes lack thereof, seeking to have a sense of fairness 
in grading relative to the additional effort they have put in. 
The low-scholarship students naturally lower the overall rigor of the course.  The 
worst characterization of this category of student is someone who lacks initiative, is willing 
to seek efficiencies in completing their assignments that earns points without content 
mastery, and generally who has disdain for the benefits of higher education.  These students 
feel motivated to earn their degree, but are quick to acknowledge that they avoid work that 
is beyond the bare minimum in accomplishing this task.  Having fit this description to a T 
as an undergraduate, the instructor, rather than rejecting this perspective on education, 
acknowledges that this may be the right amount of engagement for some students in the 
class based on where they are with their lives today.  This leads to a conundrum, as the 
needs of both the low-scholarship and high-scholarship students must be met. 
It is the instructor’s experience that in courses with rigid deadlines and a fast pace, 
that a number of students on the low-scholarship end of the spectrum will fall behind and 
give up on the class rather than work to catch up and learn the material.  Conversely, it is 
also the instructor’s experience that in courses where the pace is too slow, the content is 
not challenging enough, or grades are not representative of effort expended, that high-
scholarship students will stop attending in favor of spending their time and energy on other 
topics.  The challenge then is to right-size the course content while also designing flexible 
and open-ended content that allows for a surface response that earns many of the points, 
with a deep-dive option that is required to secure full marks.  When assessments are tailored 
in this way, it is the instructor’s experience that the most students in the course are satisfied, 
with the low-scholarship students feeling like they can keep up and the high-scholarship 
students feeling like their time investment has been rewarded. 
2.1.4 What are the instructor’s goals for this course? 
The philosophy for the instructor’s involvement with the course is to maximize the degree 
to which all of the other stakeholder needs are being met, and maximize the instructor’s 
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satisfaction with providing quality education, all while concurrently limiting the time 
investment to align with the 30% teaching apportionment of the faculty.  When time spent 
is aligned with apportionment, an average of about twenty hours can be spent on the course 
on a weekly basis through the semester; if this course were being taught at a teaching-
focused institution where less time was taken up with research, it would likely be one of 
three courses being taught by the faculty, so the twenty hour limit would still hold. 
Because of the two-campus nature of the T.V. format for the class, minimum 
weekly committed time is equal to around eight hours, comprised of two hours of lecture, 
two hours of lab on each campus, and two hours of commuting time to reach the remote 
campus.  The remaining twelve available hours must include preparing for lecture and lab 
sessions, responding to student questions about homework, solving homework and 
developing grading rubrics, preparing exams, grading exams, developing lab exercises, 
developing lecture content, and managing documentation such as ABET reporting.  While 
it is not possible to accomplish all of these tasks, particularly in the first few iterations of a 
course when the instructor is developing the core content, a natural consequence is that 
course preparation time bleeds past the twenty hour limit in order for the class to meet the 
expectations and work toward the aspirations of the instructor. 
The ultimate long-term goal for course preparation by the instructor is the idea that 
the students would learn so much practical and applied information from the course that 
consulting firms in the area would begin to reach out to the instructor seeking 
recommendations on top students from the course to hire for their entry-level positions.  As 
an idea, this objective seeks to combine the highest aspirations of the department, 
employer, and student stakeholder groups.  Achieving this outcome will require (1) that 
the course content to be well-developed and applied specifically to the way traffic 
engineering is conducted in practice in Nebraska, and (2) that assessments are designed to 
ensure that every successful student from the course has achieved mastery in the skills sets 
necessary for conducting this work in a practice setting. 
2.2 How Are the Goals to Be Implemented? 
The goals of the stakeholders are accomplished through student engagement with a set of learning 
objectives, with course objectives being both tangible and intangible.  Students have many 
different demands upon their time, and engagement with a given course requires careful design of 
both contact time and assessments.  Some content from the course needs to be remembered in the 
moment, and some needs to be retained for a longer period of time, and the design of the course 
needs to address these needs.  Finally, some outcomes of the course should be directly tangible 
and explicit, such as content mastery of homework problems, while other outcomes are intangible, 
such as an awareness of the types of work conducted by traffic engineers or an increased comfort 
level with discussing their projects in a poster-session setting. 
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2.2.1 How Are Students Engaged? 
The underlying assumption governing the design of all course interactions is that student 
engagement is not a given, but is something that must be earned.  Students have a number 
of demands upon their time, and any given course is competing not only with other courses, 
but also with part-time jobs, student organizations, and leisure time.  Convincing students 
to dedicate their limited resources to a particular course requires careful design of both 
contact time and assessments to provide valuable learning opportunities that maximize 
their learning potential over the time spent. 
A previous group of seniors in Civil Engineering taking a design elective course 
were surveyed, and of 22 undergraduate students responding to the survey who were 
eligible for outside employment, students were enrolled in an average of 15 semester-
hours’ worth of courses, while 19 of the 22 students had part-time work averaging 16.4 
hours per week.  Additionally, there was little or no correlation between the amount of 
hours committed and GPA. Results from this data can be found in Figure 1, below. If the 
classic model of three hours of lecture with nine hours of work outside of class is held, the 
implication is that students are putting in a combined 76.4 hours of effort between courses 
and jobs.  In reality, students are additionally engaged with professional organizations and 
intramural sports, not to mention time spent exercising at the gym or socializing with their 
friends, and are not likely to spend more than 40 or 50 hours maximum on school/work.  
This optimistically allows for a maximum of around 35 hours per week spent on school, 
which equates to around 4 hours per week spent outside of class.  This information indicates 
that, generally speaking, students are being assigned more work than they can complete in 
a week.  Anecdotal responses from individual students are that their typical approach would 
be to spend as much time as they have available on an assessment, and either turn it in 
incomplete, or copy the remainder of the solution from a peer; with neither approach 
leading to content mastery of the topic. 
Student engagement in the traffic engineering course discussed herein includes two 
hours per week of lecture; two hours per week of contact time in the computer lab; six 
homework assignments, each designed to take around six hours on average; a midterm and 
a final exam: and one final project designed to take around 20 hours total.  Altogether, it 
comes out to be around 120 hours of time expended on the course, or 8.5 hours per week, 
in order to satisfactorily complete all of the course objectives. 
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Figure 1 Student time commitments sorted by GPA 
2.2.2 What content and skills should be retained, and for how long? 
Assessments are able to ascertain short-term mastery of the course content, determining if 
students can correctly solve homework and respond to questions on an examination, but 
the longer-term goals of preparing students to enter consulting practice and prepare them 
for the content of the Professional Engineering (PE) exam must be designed for without 
being able to be assessed.  As such, individual facts and processes must be retained for 
shorter periods of a week or a month, but background information that provides context for 
these processes is intended to be retained for a much longer period of time. 
2.2.3 Which course outcomes are tangible, and which intangible? 
Tangible products of the course include the student’s overall grade, the responses to 
individual content questions on exams, the solutions they submitted for individual 
homework assessments, and the traffic impact study project they completed using the 
design software.  Each one of these pieces of information represents a snapshot of what the 
student understood about the content on the day that assessment was completed, and are 
not necessarily representative of the student’s longer-term mastery of the subject.  They 
are, however, the best indicators we are able to obtain within the confines of the semester-
long course. 
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The degree to which students are prepared for entry into their careers as practicing 
civil engineers, and subsequently, the degree to which they are prepared to take the 
Professional Engineering (PE) exam four years later, are the most important outcomes of 
the course.  Unfortunately, these most critical outcomes also happen to be are near-
impossible to measure.  Despite the lack of robust assessment for these longer-term skills, 
it remains necessary to attempt to design the course in order to achieve them. 
2.3 How are the assessments, evaluations, and classroom experiences designed? 
There are numerous schools of thought on approaches to best encourage students to engage with 
course material in order to improve learning outcomes related to the content.  Although the 
instructor has drawn upon many resources in the area of educational psychology, and specifically 
in the area of engineering education research, the single publication with the greatest influence has 
been Weimer’s Learner Centered Teaching, particularly the content relating to the development 
of students as independent learners.(Weimer 2002)  Some favorite quotes from the book that 
illustrate the lessons learned include: 
“What if the instructor’s course is the only truly learner-centered experience in a 
curriculum?  How can an instructor maximize that experience for students?” ~pp 
183 
“Tension, trouble, and considerable frustration will occur if a mismatch exists 
between the level of teaching and the level of student development.  This means that 
although as a teacher you may be self-directed in your own learning and have 
similar expectations for students, you may need to modify those expectations in 
terms of where those students are in their development as learners.  Learners can 
and should be pushed, but only to the extent they can handle constructively.” ~pp 
179 
“… the transformation of students into autonomous, self-directed learners is not 
the inevitable outcome of educational expectations, even learner-centered ones.” 
~pp 168 
“… a recent survey [found] that 64 percent of students preferred fun and interesting 
academic tasks on which they can get a good grade as opposed to 15 percent who 
preferred academic tasks that let them learn something new, that 53 percent 
preferred multiple-choice tests over 10 percent for essay tests, and that 83 percent 
want their grade determined by a curve or modified curve system.” ~pp 157 
Taken together, these quotes from Weimer’s book highlight the pitfalls of implementing 
active learning strategies in the classroom without taking into account both the wishes of students 
and the context of how they have been socialized to learn up until they reached their current class.  
This is not to say that all who enter here should abandon hope of students becoming active agents 
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in their own learning, but is instead to say that learning experiences need to be designed very 
carefully to meet students where they are, and guide them when ready to the next stage of their 
development as learners.  The following sections attempt to explain the process by which the 
overall course design occurred, and what strategies and assessment styles are implemented. 
2.3.1 What course design approach is used? 
The primary course design strategy employed when constructing the curriculum, lectures, 
and assessments, and learning experiences for this course is that of backward 
design.(Wiggins and McTighe 1998)  This process generally follows the model of (1) 
defining the learning objectives of the course, (2) creating assessments that validate that 
these learning objectives have been met, and (3) designing classroom experiences that 
prepare students to be successful on the assessments.  This is a standard approach when 
curriculum design is conducted systematically, and stands in contrast to the “just-in-time” 
approach the instructor has taken at times in the past, characterized by selecting a textbook, 
prioritizing chapters based on the number of weeks in the course, and preparing lectures 
and homework keeping ahead of the class as the semester progresses.  By beginning with 
the learning objectives, it is possible to expand the context of the course beyond the 
textbook, and design learning experiences that are better aligned both with the learning 
outcomes of the course, and that are better situated in engineering practice. 
2.3.2 What learning strategies are used? 
The literature on learning strategies generally lacks consistency when defining general 
terms such as what specific practices each type of active learning refers to.  For the 
purposes of the analysis herein the common terminology will be referenced relative to 
engineering education literature, which is best summarized by Price’s article titled Does 
Active Learning Work? A Review of the Research, published in the Journal of Engineering 
Education.(Prince 2004)  Broadening the scope of the kind of assessments being addressed 
by the paper, Price examines choices in classroom activity design, looking at active versus 
passive classroom lectures, and learning experiences that are collaborative and cooperative 
versus individual and competitive. 
Price explains that “… on the simplest level, active learning is introducing student 
activity into the traditional lecture.”(Prince 2004)  The act of incorporating activities into 
the classroom is not enough, good activities must be designed around important learning 
outcomes, and provide thoughtful engagement on the part of the students.  This point can 
be illustrated with an example of solving a short workout problem during lecture – little is 
gained by pausing the lecture to have students solve the problem by plugging the numbers 
into the equation to find the result, as the students would be conducting this work on their 
own for the homework assessment shortly thereafter.  Instead, consider the potential 
learning outcome of the instructor solving the problem, and then taking an equivalent 
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amount of classroom time away from lecture to lead a discussion with students about the 
legitimacy of the result, the reliability of the equation being used, and the meaning of the 
terms within the equation.  Of particular interest as an outcome for active engagement in 
the classroom is the potential to identify and correct student misperceptions of new 
concepts in the course material.  Interestingly, much of the literature cited by Price comes 
from freshman-level physics classrooms where large enough sample sizes are available to 
assess the impact of introducing interactive approaches into traditional lectures; what is not 
clear from the literature is whether this finding would transfer to a senior-level design 
elective in engineering, such as the course here under investigation. 
By the time students reach their senior year in a civil engineering curriculum, the 
“ability to function on multidisciplinary teams” criteria of ABET certification has ensured 
that they have had multiple group-work experiences in a variety of classes.  However, in 
addition to the benefits of learning to work with others, Price cites multiple meta-studies 
of literature on collaborative work that shows that cooperation improved learning outcomes 
relative to individual work across the board.(Prince 2004)  The mechanism behind the 
difference between individual and collaborative work is that, working together, students 
are better able to diagnose each other’s misconceptions and correct them in advance of 
summative assessments.  This impact can be seen implicitly in the results of think-pair-
share activities, and is implied in the results of group-work assessments such as design 
reports or lectern presentations.  An additional concern relative to engineering in general, 
but less specifically applicable to a senior design class, is that collaboration has been found 
to reduce attrition in technical programs, and has furthermore been found to be effective 
for improving retention of traditionally underrepresented groups. 
Similar to studies of collaborative work, the research literature on cooperative 
work, as opposed to competitive work, finds that group work yields measurable benefits to 
student learning outcomes across the board.  The primary cited benefit to students is the 
practice of working in a group and learning to function well as part of a team, though 
arguably, there is generally very little done in the way of instruction about how to be a 
successful group or a successful member of a group, and student outcomes that include 
improving their team skills are largely haphazard in occurrence.  Most students can cite 
examples both of when a group they were part of operated well and things fell apart, though 
when asked to identify the difference between the two they tend to cite it as being the 
presence or absence of “poor teammates” and not the result of any organization structure 
or practice used by one group and not by another.  This brings us to the largest sticking 
point for collaborative work in the context of group work, that of how to assess individual 
efforts within a group of students, and furthermore if this individual assessment is helpful 
or not.  The author often refers back to the “failed affordances” study by Newstetter that 
shows the degree to which grading practices impact student behaviors, and the lengths they 
will go to circumvent the intended learning outcomes in order to obtain good scores on the 
grading metrics.(Newstetter 1998)  Having tried a couple of different approaches in the 
past, the current practice of the author is to have groups self-report their time spent on 
projects, not assigning individual grades, but withholding the right to adjust grades of 
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individuals as necessary based on the relative efforts reported.  It has been found that this 
practice leads both to the most realistic self-reporting of time spent, as well as high degrees 
of satisfaction among students that their efforts are recognized, whether this shows up in 
their grade or not. 
2.3.3 What summative and formative feedback assessment styles are used? 
Summative assessments are those that are used to assess student achievement in the course 
materials, without providing constructive criticism and guidance.  Conversely, formative 
assessments are those that both assess student performance as well as provide corrective 
guidance that addresses errors or misperceptions and incorrect responses.  It is important 
to note that feedback should only be considered as formative if students have another 
opportunity at a later time to demonstrate the knowledge they gained as a result of a prior 
mistake.  To provide incentive for students to revisit and improve their understanding on 
as much content as possible, the final exam in the course is cumulative, including all of the 
content from the semester, and specifically includes a number of the most-missed questions 
(word-for-word) from the midterm exam.  Further, the cumulative nature of the final and 
the repeating of questions from the midterm exam are both explained to the class a number 
of times to make sure it is understood that they will be both held accountable and rewarded 
for improving their understanding of previously missed content. 
The summative assessments in the course include: the final exam; the deliverables 
for the final project, including the project report, lectern presentation, and poster 
presentation; the lab exercises; and to some extent, the daily talking points worksheets.  
The formative assessments include: the midterm exam; the homework assignments; and to 
some extent, the daily talking points worksheets.  Additional information on both the 
talking points worksheets and the other assessments included in the course are provided in 
a later section of this document. 
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Chapter 3 – Description of Course Activities 
Two main assumptions govern the design of the distribution of time among activities in the class.  
The first assumption is that, generally speaking, an average student will spend around five hours 
per week working on this subject outside of class, as evidenced by the self-reported time spent 
shown previously in Figure 1.  The second assumption is that many of the students in the class 
value efficiency over scholarship, and any loopholes left in an assignment that students could use 
to spend less time doing it will be utilized, as evidenced by the quotes from Weimer’s book 
previously shared in section 2.3.(Weimer 2002)  This is not to say that all students would choose 
the easy way rather than the right way, just that enough of the students in the class would do so 
that it becomes a governing factor in designing experiences in the class. 
3.1 How Are Student Time and Effort Distributed Across Different Activities? 
Careful records of student time were recorded in the class.  This has the dual benefit of calibrating 
assessments to the desired amount of time, and also identifying students who may need 
personalized attention and assistance with the content based on underperforming on their grades 
relative to the time they are investing.  Student time involved with contact hours in the course is 
assumed to be approximately equal to four hours per week times fourteen weeks multiplied by the 
attendance percentage.  Time spent completing homework is self-reported, with a compliance of 
around 75% reported time for all homework assignments.  Time spent preparing for exams is 
collected by self-reported data collected at the time of each exam.  Project time was unfortunately 
not collected during the semester analyzed in this course portfolio, so an estimate of time invested 
is used based on an assumption of twenty hours to earn full marks, divided by the number of 
members in the group.  A graphical representation of the data, sorted by grade outcome in the 
class, is provided in Figure 2, below. 
Figure 2 Approximate time spent on various tasks ordered by overall grade earned. 
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The analysis of Figure 2 shows overwhelmingly that time spent on the class, whether it is 
through attendance, hours spent on homework, or time preparing for exams, is not the driving force 
in whether a student earns high or low marks.  It is hypothesized that performance in the class is 
due to a cross-product type interaction between base ability and effort invested, but this theory 
would be challenging to investigate due to the nature of intelligence and the difficulty in justifying 
to the students an incorporation of baseline intelligence assessment into their course materials.  
The instructor has yet to determine if the lack in correlation between time invested and grade 
resulting should impact the way the course is designed, and if so, in what way. 
3.2 What Are the Summative Expectations of Students? 
Beyond the course content facts and ideas, there are a number of other objectives that the course 
seeks to accomplish.  To quote the syllabus: 
“At the completion of the course students will be familiar with the operational 
analysis of intersections and freeway facilities, including: micro- and macroscopic 
traffic characteristics, queuing theory, highway capacity analysis of freeway 
facilities, traffic studies, traffic signal controllers, highway capacity analysis of 
unsignalized and signalized intersections, and experience with industry-leading 
traffic engineering software packages. This course is intended to prepare students 
for material they may encounter as entry-level engineers, as well as on the 
Professional Engineering exam.” 
Although the ultimate goal of the course is to have students be well prepared for their 
transition from school to the workplace, and to be prepared for their professional certification exam 
four years after graduation, a substitute assessment must be made regarding their knowledge at the 
end of the course, rather than their knowledge a few years later.  These final assessments take the 
form of a somewhat traditional final exam, and a final project that includes a written report, a 
lectern presentation, and a poster presentation. 
3.2.1 What format does the final examination take? 
Example exams from a high-performing and a low-performing student are included in 
Appendix B.  Of interest, both of the examples provided come from students who had 
perfect attendance records through the semester, and both studied for the exam for 
approximately three hours, but the resulting grades of 97.5 and 55 indicate that they 
received very different levels of information transfer during that time. 
The statement that the final exam is “somewhat traditional” is referring to the fact 
that the questions on the exam largely refrain from asking students to compute solutions, 
with only 8 points out of the 100 available based on calculation results (questions 1 and 9), 
a very unusual approach to take for a senior-level design elective in engineering.  Rather 
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than repeating calculations that had been performed on individual homework assessments, 
some of the questions on the exam ask students to define terms within equations (question 
3), and in many cases to explain the meaning of different groups of terms within an 
equation (questions 2, 5, 9, and 15).  In one particular case where students spent one or two 
hours on a homework assignment plotting points on a chart, a question worth four points 
appeared on the midterm exam asking students to identify the units of the axis of the chart. 
The scores on this question were so poor, that it was repeated word-for-word on the final 
exam (question 4).  In total, 39 of the points on the final exam (questions 1, 2, 4, 9, 10, and 
16) were repeated from the midterm exam, with repeated warnings to the class that the
most-missed problems would reappear so that they had an opportunity to correct their
previous misinformation.  Full corrective comments were provided on the midterm
examinations, which were theoretically complete, as not a single student asked for
clarifications in the weeks leading up to the final exam.
Perhaps most telling in the difference between the two students is the way in which 
they responded to the final two questions of the exam, which were left open-ended for them 
to show what knowledge they had gained in the course that they had not been asked about 
up to that point in the exam – their responses are shown below in Figure 3.  Here we see 
the truest intent of students as they have completed the entire course and are putting the 
finishing touches on their final examination.  In one case the student sees an opportunity 
to demonstrate something they learned that they thought was valuable during the class and 
deemed to be a good potential exam question, while in the other case the student sees an 
opportunity for a snide remark in response to what they take to be a joke question.  The 
responses to question 18 are also very telling about the relative levels of scholarship, as 
both students took the question seriously and decided to focus on the same point, 
demonstrating the varying levels of thought that they have relative to that part of the project 
learning outcomes. 
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(3a) Question 17 High Response 
(3b) Question 17 Low Response 
(3c) Question 18 High Response 
(3d) Question 18 Low Response 
Figure 3 Student Engagement with Free Response Questions (full samples in Appendix B) 
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3.2.2 What format does the project take? 
The project exercises for the course are of major importance to the learning objectives, as 
this is where the majority of the situative learning takes place in the course.  The project 
takes the form of a traffic impact study, with students selecting a site potentially in need of 
improvement, conducting a peak-hour traffic count at the location, projecting future growth 
of traffic in the area, modeling both the existing and anticipated conditions in two different 
software packages (software packages commonly used in consulting), and then designing 
improvements to their intersection to accommodate the anticipated increases in traffic flow.  
The deliverables from the project include a formal written report, a lectern presentation to 
the class, and a poster presentation to which other faculty and local consultants are invited 
to participate.  The 39-page document provided to students at the beginning of the project 
outlines both the deliverables, and walkthrough examples of how to conduct the project is 
included as Appendix C.  Following up on this information, the first page in Appendix 
D is the rubric (provided to students at the beginning of the project) for grading the 
report, the resulting sizes of each report, and the grade received, with subsequent 
examples of high-scoring and low-scoring project reports. 
One consideration worth noting regarding the project deliverable being the last 
major grade of the semester, multiple groups were found to have completed the project 
report only to the extent that they secured their intended grade.  In one case, a group was 
allowed to revise their project and resubmit for additional points, only to submit a second 
sub-par report because they mistakenly believed that the crossover between a minus and a 
full grade was at #3 instead of #4.  At least one other group submitted the lowest caliber 
work of the semester on their project report because the members had already secured their 
desired grade, while in contrast, the student who had the lowest attendance in the course 
ended up submitted the best project in the class to offset their final grade. 
3.3 What Are the Formative Expectations of Students? 
Formative feedback comes from homework assignments, the midterm exam, and to some degree 
the daily talking points worksheets.  When grading the homework and the midterm exam, 
corrections are made to every question on every assignment submitted, and are returned (digitally) 
to students for their review.  Based on common mistakes made on the homework that are repeated 
on the midterm exam, as well as mistakes made on the midterm exam that are repeated on the final 
exam, there is somewhat limited embrace by students of the formative feedback as part of their 
learning process. 
3.3.1 What format do the talking points worksheets take? 
The daily interaction with students takes the form of what are called the “talking points 
worksheets” within the class.  To the knowledge of the instructor, this active learning 
strategy is not documented elsewhere in the literature.  Essentially what is done is that one 
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or two days before lecture is to occur, slides are reviewed by the instructor and a handout 
is created based on where the instructor plans to pause the lecture and conduct conversation 
with the class that provides a deeper understanding or another vantage point on a topic.  
Examples of both high student engagement and low student engagement with these 
talking points is included in Appendix E.  Due to time constraints, the talking points 
for this iteration of the class were collected and scanned before being returned, but no 
marks were made on the papers to address incorrect information, and the sheets were 
used as a binary yes/no for attendance purposes.  It’s possible that future iterations of the 
course could make more extensive use of the teaching assistant to best utilize the talking 
points documents as a formative assessment both for the instructor and for the students. 
3.3.2 What format does the homework take? 
Homework assignments are inspired by the questions provided at the end of content 
chapters from the book Traffic Engineering by Roess et al.(Roess, Prassas, and McShane 
2011)  A previous iteration of the course made the mistake of assigning problems from the 
book and using the solution set provided by the authors to grade homework; specifically, 
this approach did not work because many of the steps or calculations that are included in 
the solution set are not explicitly requested/required by the problem statements.  Beginning 
with the solution set, this iteration of the course featured re-written problem statements that 
more-explicitly outline the expectations of students with multiple sub-questions guiding 
them through the process to make sure all of the steps are followed.  The example 
assignment included in Appendix F demonstrates how the problems from the text were 
modified, with homework problems correlated to the original textbook problems as: 6.1 to 
6.4 are modified from 24.1 to 21.4, respectively, with 6.5 being modified from 24.7.  For 
some problems, partial solutions are provided in order to calibrate the time taken on the 
assignment toward the 6-hour target.  Rarely, additional steps are added to the existing 
problem were potential learning outcomes are identified as extensions, such as the 
investigation in problem 6.3 into the effect of modifying the cycle length for the signal 
timing. 
3.3.3 What is the logic behind making the midterm exam formative? 
One of the goals of the course is to convince every student to achieve the greatest number 
of learning objectives possible.  A common practice has been noted by the instructor of 
students failing to keep up with something, like an individual homework assignment, and 
being so overscheduled that they do not take the time to go back and catch up again later.  
To try and encourage a culture of learning and exploration, in line with the lifelong learning 
goals of the ABET criteria, the instructor thought it was very important to reinforce how 
important the learning objectives are in the class, and revisit  the areas that gave students 
the most trouble multiple times (such as traffic shockwave theory and signal phasing). 
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Chapter 4 – Documenting and Analyzing Student Learning 
A summary of the data collected about student intentions, time spent, and grade results is provided 
in Table 1 below.  Student names have been omitted, and the ordering of the 23 students is by rank 
in terms of the overall grade received in the course.  Of the 23 students enrolled in the course, two 
were graduate students, five were women, and five spoke English as their secondary language, 
with varying levels of competency in English communication.  Information on high/medium/low 
interest in the course is based on survey responses and personal interactions with the instructor 
through the semester, while high/medium/low scholarship is based on an assessment of the 
instructor of the caliber of work submitted by the student, and is thus somewhat biased to be 
correlated with interest level. 
Table 1 Student Background, Time Investment, and Grade Earned 
Student permission forms were distributed near the end of the semester requesting the right 
to use their information, both aggregate data and individual responses, with assurances that no bias 
would be placed on their grade relative to their willingness to provide permission.  The forms were 
collected and stored in a sealed envelope until after the grades were posted, and students were 
informed before signing that this measure would be taken to ensure their confidence in the 
voluntary nature of their participation. 
Rank Scholarship Interest Level Gender Language Attendance Homework Project (est) Exams Overall Homework Exams Overall
1 High High Graduate Male 91% 5.2 6.3 5.0 102 99.3 91.8 96.2
2 High High Undergrad Male 83% 4.6 9.1 3.5 94 94.8 96.8 95.2
3 High High Undergrad Male 92% 5.1 9.7 5.0 105 93.7 93.8 95.0
4 High High Undergrad Female 100% 5.5 5.7 4.5 108 97.3 90.3 93.0
5 High Low Graduate Male 100% 4.9 6.3 3.0 102 93.5 87.0 92.4
6 Medium High Undergrad Male 92% 4.9 9.7 3.5 101 94.3 84.0 92.3
7 Medium Low Undergrad Female 100% 7.6 9.5 7.0 129 94.6 83.0 91.8
8 Medium High Undergrad Female 100% 4.1 9.1 4.0 102 89.2 87.8 90.2
9 Medium High Undergrad Female 83% 6.2 18.8 5.0 116 85.2 91.0 90.2
10 Low Low Undergrad Male 91% 6.3 17.0 1.5 112 95.7 77.8 88.2
11 Medium Medium Undergrad Male ESL 100% 6.5 16.2 7.0 129 90.7 85.0 88.0
12 Medium Medium Undergrad Male 92% 4.0 9.7 0.5 90 82.3 84.3 87.7
13 Low Low Undergrad Male 100% 7.4 9.5 5.0 124 93.6 70.3 87.6
14 Medium Medium Undergrad Male 77% 6.1 9.7 4.0 100 82.3 82.3 87.1
15 Medium Medium Undergrad Male ESL 92% 5.9 18.9 6.0 121 85.2 81.5 85.7
16 Low Medium Undergrad Male ESL 83% 5.0 5.7 5.5 97 80.8 79.5 83.2
17 Low Medium Undergrad Male 100% 4.8 5.7 6.0 107 84.0 68.0 81.0
18 Low High Undergrad Male 73% 4.7 6.3 6.0 90 79.1 67.0 80.7
19 Low Low Undergrad Male 100% 4.8 7.8 2.0 101 80.7 64.3 77.1
20 Low Low Undergrad Male ESL 46% 6.0 8.6 8.0 88 83.7 52.0 75.9
21 Low Low Undergrad Male ESL 77% 6.0 8.6 1.5 94 82.0 57.3 75.5
22 Low Low Undergrad Male 100% 7.5 7.8 4.5 122 67.0 66.3 72.2
23 Low High Undergrad Male 8% 5.0 19.2 54 69.5 78.0 72.0
Time Investment Grade EarnedBackground
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4.1 How Do Student Objectives Impact Performance? 
Regardless of how well intentioned an instructor is, and how carefully crafted a course’s content 
and assessments are, student performance will be greatly influenced by the interest of each student 
in the topic content, and by that student’s previous experiences related to the topic. 
Students’ stated intentions regarding their career plans post-graduation were found to have 
a high correlation with grade outcomes in the class.  The highest grades were earned by students 
who intended to pursue transportation engineering as their career after graduating, with an average 
score of 90.87.  Students who intended to pursue structural engineering after graduation had the 
lowest scores with an average of 81.18.  Finally, students who were undecided or intended to 
pursue a different sub-area of civil fell in the middle with an average score of 85.48. 
Internship experience was also found to be a significant predictor of course performance, 
though surprisingly the focus area of the internship was not a major factor.  Students with previous 
internship experience in a transportation related position scored an average of 90.23, while students 
with internship experience in other areas of civil engineering earned an average of 90.00.  In 
contrast, students in the class without any internship experience scored an average of 75.19. 
4.2 How Did Time Investment by Students Impact Performance? 
One of the most interesting (and concerning) outcomes of examining the data collected for this 
course portfolio, is the general lack of correlation between the time spent working on this course 
and the resulting grade earned by students, as shown in Figure 4, below.  Compared with the five 
students who spent the most time working on the course, the five students who earned the highest 
grades in the course spent nearly 20% less time overall. 
Figure 4 Hours Invested in the Course Versus Grade Earned 
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Since the scholarship aspect is tied directly to the performance of students in the course, 
and not based on an external measure such as GPA coming into the class or a standardized test 
score, there is relatively little to learn by examining the pattern of time spent and grade earned 
relative to scholarship category.  On the other hand, examining the data from the perspective of 
interest in the topic, the primary take-away is that having a high-interest or low-interest in the 
content predisposes students to a certain result,  
4.3 How Did In-Class Participation Impact Performance? 
As a dataset, the in-class participation of students leaves the most to be desired.  Anecdotally, some 
of the most engaged and responsive students in the class were also the most likely to miss class or 
fail to submit an assignment.  A follow-up study is needed to check a hypothesis that classroom 
engagement is tied more strongly to a student’s immunity to social pressures, and less strongly to 
their desire to learn and do well in the course.  Fortunately, the current dataset can provide a 
worthwhile analysis of the attendance and grade earned for different interest levels of student, as 
shown in Figure 5 below.  In this case attendance was presented to the students as essentially 
optional, with no points attached to presence in the lecture, and serves as a relatively unbiased 
measure of how presence in the classroom does or does not impact grade. 
Figure 5 Attendance Percentage Versus Grade Earned 
4.4 How Did Homework Impact Performance? 
While student grades on homework are found to track well with their overall grade (a good finding 
since homework contributed 40% of the grade), the time spent completing the homework was 
found to be tied neither to overall performance in the course nor to the grade earned on the 
24
homework assignments themselves.  Some students who spent the most time on homework 
received the lowest scores, and vise-versa, some students who spent the least amount of time on 
homework received some of the highest scores.  A summary of the data in graphical form is 
provided in Figure 6 below.  The results here suggest that additional information is needed about 
confounding factors such as the use of “multitasking” while spending time on homework, or the 
choice to work on assignments in a group or individually. 
Figure 6 Homework grade versus overall course grade, grouped by time spent per assignment 
4.5 How Did Project Activities Impact Performance? 
Examining the relationship between the project grade and the exam grade is perhaps the most 
confounded of all the datasets discussed herein, as shown in Figure 7 below.  Given the wide 
variety of student performance and engagement leading up to the final project, a decision was 
made to allow students to choose their own group members and size of group, ranging from 1 
student to 4 students per group, and the students were instructed to select an intersection location 
for analysis that was of proportional difficulty to the number of members in their group.  While 
somewhat undercutting the ABET criteria goal of providing experience with “multidisciplinary 
teams,” the end result happened to be a much wider variety of project experiences than previous 
years, which allowed for much better engagement of the class during the lectern and poster 
presentations, as there was a wide variety of intersections and interchanges studied, and groups 
had a variety of struggles and learning process compared with each other. 
25
Figure 7 Project Grade Versus Overall Course Grade, Grouped by Size of Project Group 
4.6 How Did Formative Feedback Impact Performance? 
Providing insightful formative feedback on homework and exams is one of the most time-
consuming parts of maintaining the course, and the most-likely reason for delays in returning 
assignments in a timely fashion.  That said, it is incredibly rewarding to see a student go from 
misconception to understanding because of the time taken to provide corrective comments.  All 
this leads to the question of what impact the time-intensive formative feedback has on learning 
outcomes for students.  The results shown below in Figure 8 indicate that the impact exists, but 
fails to reach all students.  Of the 39 points worth of repeated material from the midterm exam 
(most missed/important questions) to the final exam, only four students improved their score on 
that sub-set of questions by more than 10 points (blue points).  At the same time, six students 
managed to score lower on the final exam than on the midterm on the questions that had been 
repeated word-for-word.  Future data/questions may need to be asked of students regarding their 
study habits and engagement with the formative feedback portions of the class to get a more 
nuanced and robust understanding of how this feedback is helping, and how to modify it to reach 
a larger percentage of the students. 
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Figure 8 Midterm Exam Versus Final Exam Grade, by Change in Score on Repeated Questions 
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Chapter 5 – Summary Reflections and Next Steps 
A number of sources of student feedback were collected that indicate areas for improvement in the 
course, in addition to the lessons learned in preparing this course portfolio. 
5.1 What Anonymous Feedback Did Students Provide About the Class? 
The data suggests that, rather than designing for a specific student archetype, the course should be 
targeted at the heterogeneous whole of the students in the class, attempting to meet each person’s 
needs where they are.  While there was a wide variety of student performance in the class, the 
instructor received an overall student evaluation of 4.41 on the anonymous student evaluations 
conducted by the University, relative to a departmental average of 3.88 for undergraduate courses.  
A web-plot of the student evaluation categories that relate to the instructor’s performance is 
provided in Figure 9 below.  The instructor scored highest in areas that involve valuing students 
as individuals and working to meet everyone where they are and encourage them to move to the 
next step for them, such as making students feel respected (4.7), helping students to feel motivated 
(4.6), showing enthusiasm for the topic (4.6), and providing feedback (4.6).  Areas for greatest 
improvement are generally centered on the use of classroom time (3.8), and the ease with which 
new concepts are introduced to the class (4.1), indicating that more work needs to be done 
improving lecture content to better explain the threshold concepts of the class. 
Figure 9 Results of Anonymous Student Evaluations Conducted by the University 
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5.2 What Additional Feedback Information Was Collected from Students in the Class? 
Students were provided with additional survey information to complete during the poster 
presentation session at the end of the class, with results summarized in Figure 10 below. 
Figure 10 Student Responses to Questions about Course Content 
CIVE463 Course Content Evaluation April 25, 2017
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I would have preferred if the instructor had used the 
talking points:
1 4 12 4 2
Relative to how much time we spent with the homework 
this semester, I think we should have spent:
2 6 12 3 0
Relative to how much time we spent with the software this 
semester, I think we should have spent:
0 0 6 15 2
Relative to how much time we spent with the projects this 
semester, I think we should have spent:
0 2 12 6 3
6
I would have preferred if the instructor had solved 
problems during lecture:
0 0 6 10 6
I would have preferred if there were solved example 
problems for us to review on our own time:
0 1 2 14
0
I would have preferred if we had assigned readings from a 
textbook:
7 8 4 3 1
I would have preferred if the breadth of content covered in 
this course was:
0 1 17 5
1
Compared with my initial goals for this course, I ended up 
learning:
0 0 7 11 5
Taking notes in this class was how important, compared 
with similar courses?
3 11 8 0
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There are some key takeaways from the student survey that both validate the current 
approach to the course and indicate things to modify for the future.  All of the students in the 
course reported learning as much or more than their initial goals for the course.  While the majority 
felt that this course required less note-taking than similar level courses, everyone agreed that there 
should not be assigned readings for the class (there was no required textbook or readings in this 
semester, with time invested instead on more calculation problems and project work).  
Overwhelmingly, students felt that the breadth of topics covered in the course was appropriate, 
and that the use of talking points was the right amount, providing them as guidance and including 
questions related to that content on the exam, but not grading or correcting them on a daily basis.  
Students felt that the amount of time spent on the project and on homework was generally 
appropriate for the course, with a preference for more time spent on the project and less time spent 
on the homework.  The students consistently wished for more example problems to be solved, both 
in class and as samples handed out.  More than anything else, students requested that more time 
be spent with the traffic analysis software applications that they will be using in practice, and this 
will be the first area worked in in terms of expanding course content for the next iteration. 
5.3 What Gaps Are Identified that Need Further Investigation? 
In the process of writing this course portfolio, a number of gaps in the dataset were identified that 
the instructor would like to fix in future iterations of the course.  The most glaring deficiency is 
that the data collected to generate Figure 1 came from a different iteration of this course, and not 
collecting it for this section of the class was an oversight that lead to a number of difficulties in 
tying student performance back to overall ability.  The second greatest gap was in assessing student 
engagement with the final project – as no data was collected about either the total time spent to 
complete the project, or the amount of time each individual within the group contributed to the 
project, which would provide another important indication of how student commitment and 
learning outcomes are linked together.  If funding were available to further this study/reflection, a 
priority would be a student-worker who could manage the talking-points documents day-to-day; 
specifically, it would be of great interest to keep the documents un-graded and optional, but record 
the quality of responses to the questions and correlate the impact of engaging with this document 
to overall performance, relative to the other contributing factors such as scholarship level and 
interest level. 
5.4 How Well Did the Peer Review Course Portfolio Process Work? 
As an ethnographic study, the methodology of this course portfolio is significantly flawed.  As a 
document that is intended for publication and distribution, there is inherently bias within this 
content, as the author on a conscious or subconscious level must make an argument for their own 
value.  If the publication component is removed from the process, participants are entitled to a 
certain level of anonymity, and the potential opens for more critical reflection.  However, the 
publication component is an essential element for the health of the peer-review program itself, 
allowing organizers to document the benefits of the program, and participants to justify the time 
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spent preparing course portfolios rather than furthering research agendas.  The content herein is 
thus biased toward positive student outcomes and successful completion of the intended goals, and 
should be therefore taken with an appropriate level of skepticism.  All of that said, this program 
stands out within the university as a validation opportunity for teaching-focused scholarship, and 
should continue to be supported. 
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DRAFT Jan. 19, 2017 
CIVE 463/863 
Traffic Engineering 
Department of Civil Engineering 
University of Nebraska - Lincoln 
Spring 2017 
Instructor Teaching Assistant 
John Sangster, Ph.D., PE, PTOE Ananna Ahmed, MS 
E-mail: john.sangster@unl.edu
Whittier Hall, Rm. 330L
Class Meeting Location and Time 
Lecture: Tuesday/Thursday from 9:00 until 9:50 
Lincoln: Scott Engineering Center 111 
Omaha: Peter Kiewit Institute (PKI) 164 
Lab:  
Lincoln: SEC Link N15, Thursday from 10:00 until 11:45 
Omaha: PKI 142, Tuesday from 10:00 until 11:45 
Office Hours 
In person: TBD 
E-mail any time, or additional office hours available by appointment.
Course Overview 
At the completion of the course students will be familiar with the operational analysis of 
intersections and freeway facilities, including: micro- and macroscopic traffic 
characteristics, queuing theory, highway capacity analysis of freeway facilities, traffic 
studies, traffic signal controllers, highway capacity analysis of unsignalized and signalized 
intersections, and experience with industry-leading traffic engineering software packages.  
This course is intended to prepare students for material they may encounter as entry-level 
engineers, as well as on the Professional Engineering exam. 
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Course Reference Material 
You may expect the Blackboard site for this course to be very active.  Updates will be 
posted as announcements, and e-mailed to the class. 
While there is no required text for this class, you may find it very helpful to purchase the 
primary reference text for the course: 
 Traffic Engineering. (2011) (4th ed., p. 734). By Roess, Prassas, and McShane
Additional resources which will be drawn from include: 
 Highway Capacity Manual
 Manual on Uniform Traffic Control Devices for Streets and Highways
 Traffic Signal Timing Manual
 Signalized Intersections Handbook
Course Grading 
You will receive regular feedback regarding your grade in the course.  The points will be a 
combination of individual homework assignments, exams, group projects, and a research 
proposal for the graduate students.  The grades on different parts of the course are intended 
to reflect the time spent on each, and as such, homework is anticipated to be worth around 
40%, projects around 30%, exams around 30%, and an additional 25% for the research effort 
for graduate students.  The range of grades will be determined by the effort put in by 
students, but for reference, you may expect a minimum grade of B if you satisfactorily 
complete all of the work asked of you. 
There will often be a daily worksheet in the class highlighting the key concepts of the day 
and requesting constructive feedback on the topic/course.  This worksheet will be collected 
each day for attendance purposes, but returned promptly for your records.  Attendance is 
not mandatory in this class, but it may have a large impact on your grade.  If you are 
expecting to have an absence, please e-mail the instructor in advance. 
Exams are anticipated to include both an in-class closed-notes assessment, as well as a take-
home assessment which includes software exercises.  You will have a copy of the equation 
sheet for the closed-notes section available in advance of the exam.  It is anticipated that the 
final exam will be a cumulative assessment, but will focus more on the material from the 
second half. 
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Course Topic Draft Schedule 
Week Date Content Lab Topic Roess (4th)
1/10 No Class - Transportation Research Board Conference
1/12 No Class - Transportation Research Board Conference
Lab No Class - Transportation Research Board Conference
1/17 No Class - Weather
1/19 0 Course Introduction
Lab No Lab
1/24 2 Traffic Stream Characteristics 5
1/26 3 Introduction to Traffic Flow Theory 6
Lab No Lab
1/31 4 Traffic Data Collection and Reduction Methodologies 8
2/2 5 Volume Studies and Characteristics 9
Lab 1 LAB - Shockwave theroy
2/7 6 Uninterrupted Flow - Part I 13
2/9 7 Uninterrupted Flow - Part II 14-15
Lab 2 LAB - Traffic counts
2/14 8 Trip Generation
2/16 9 Traffic Impact Studies 30
Lab 3 LAB - Freeway Operations
2/21 10 Hierarchy of Intersection Control 18
2/23 11 Hierarchy of Intersection Control 18
Lab 4 LAB - Ramp / Weave / Merge Operations
2/28 12 Principles of Intersection Signalization - Part I 20
3/2 13 Principles of Intersection Signalization - Part II 20
Lab 5 LAB - Signal Warrants
3/7 14 Pretimed Signals 21
3/9 15 Actuated Signals 22
Lab Midterm Exam Review
3/14 16 HCM analysis of signalized intersections I 24
3/16 17 HCM analysis of signalized intersections II 24
Lab Midterm Exam
3/21 No Class - Spring Break
3/23 No Class - Spring Break
Lab No Class - Spring Break
3/28 18 HCM analysis of signalized intersections III 24
3/30 19 HCM analysis of signalized intersections Applications 24
Lab 7 LAB - HCM Analysis by Hand
4/4 20 Signal Coordination for Arterials and Networks 26
4/6 21 Street Segment interrupted Flow 26
Lab 8 LAB - HCM Analysis with HCS
4/11 Project Introduction
4/13 22 Accident Analysis
Lab 9 LAB - Microsimulation Analysis with VISSIM
4/18 23 Highway Safety Analysis 11
4/20 24 Nonmotorized Facilities 28
Lab Project Working Sessions
4/25 Lectern Presentation Session (Omaha)
4/27 Lectern Presentation Session (Lincoln)
Lab Final Exam Review
Lincoln: May 3 7:30 - 9:30    Omaha: May 2, 9:30-11:30
13
14
15
16
Final Exam
12
1
2
3
4
5
6
7
8
9
10
11
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Week Date Content Lab Topic Assessment
1/10 No Class - Transportation Research Board Conference
1/12 No Class - Transportation Research Board Conference
Lab No Class - Transportation Research Board Conference
1/17 No Class - Weather
1/19 0 Course Introduction
Lab No Lab
1/24 1 Traffic Stream Characteristics
1/26 2 Introduction to Traffic Flow Theory HW1 (2/2)
Lab No Lab
1/31 3 Traffic Data Collection and Reduction Methodologies
2/2 4 Volume Studies and Characteristics HW2 (2/9)
Lab 1 LAB - Traffic Impact Studies
2/7 5 Hierarchy of Intersection Control - Part I
2/9 6 Hierarchy of Intersection Control - Part II
Lab 2 LAB - Traffic counts
2/14 7 Principles of Intersection Signalization - Part I HW3 (2/20)
2/16 8 Principles of Intersection Signalization - Part II HW4 (2/25)
Lab Homework Kickoff - Signal Warrants
2/21 9 Intersection Design - Part I
2/23 10 Intersection Design - Part II
Lab 3 LAB - CAP-X Intersection Operations
2/28 11 Pretimed Signals - Part I
3/2 12 Pretimed Signals - Part II HW5 (3/9)
Lab Homework Kickoff - Signal Design
3/7 13 Actuated Signals
3/9 14 HCM analysis of signalized intersections I
Lab Midterm Exam Review
3/14 15 HCM analysis of signalized intersections II HW6 (4/6)
3/16 16 HCM analysis of signalized intersections III
Lab Midterm Exam
3/21 No Class - Spring Break
3/23 No Class - Spring Break
Lab No Class - Spring Break
3/28 Project Introduction Proj (4/24)
3/30 17 HCM analysis of signalized intersections IV
Lab 4 LAB - HCM Analysis with Vistro
4/4 18 HCM analysis of signalized intersections V
4/6 19 Signal Coordination for Arterials and Networks
Lab 5 LAB - Microsimulation Analysis with VISSIM
4/11 20 Uninterrupted Flow - Introduction
4/13 Extra lab time - project working sessions
Lab Project Working Sessions
4/18 Extra lab time - project working sessions
4/20 Extra lab time - project working sessions
Lab Project Working Sessions
4/25 Lectern Presentation Session (Omaha)
4/27 Lectern Presentation Session (Lincoln)
Lab Poster Sessions and Final Exam Review
Lincoln: May 3 7:30 - 9:30          Omaha: May 2, 9:30-11:30
13
14
15
16
Final Exam
12
1
2
3
4
5
6
7
8
9
10
11
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C1 
Project Document Handouts 
Project Documentation 
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CIVE 463 2017 
FINAL PROJECT OVERVIEW 
Step 1 – Choose a team and a location.  Size of team determines complexity of location. 
Step 2 – Conduct traffic counts:  4:00 to 6:00 on a Tuesday, Wednesday, or Thursday 
Step 3 – Determine Peak Hour TMCs: convert raw traffic to turn-movement counts 
Step 4 – Calculate seasonal adjustments and background growth rates: use NDOR data 
Step 5 – Calculate existing-year and future-year traffic volumes 
Step 6 – Model the existing year conditions using Vistro and Vissim software 
Step 7 – Model design year (no build) conditions using Vistro and Vissim software 
Step 8 – Determine intersection improvements to maintain appropriate LOS levels 
Step 9 – Model design year (mitigated) conditions using Vistro and Vissim software 
Step 10 – Generate output/results for all six modeling conditions 
Step 11 – Compile report 
Report recommended content: 
Cover Page 
Table of Contents 
Executive Summary 
Background 
Volume Scenarios 
Existing Conditions Analysis 
No-build Design Year Analysis 
Mitigated Design Year Analysis 
Conclusions and Recommendations 
Appendix A: Traffic counts, including raw data sheets and PHF calculations 
Appendix B: Seasonal/background growth calculations → design volumes 
Appendix C: HCM method (Vistro) analysis of existing conditions 
Appendix D: VISSIM analysis of existing conditions 
Appendix E: HCM method (Vistro) analysis of no-build design year conditions 
Appendix F: VISSIM analysis of no-build design year conditions 
Appendix G: HCM method (Vistro) analysis of mitigated design year conditions 
Appendix H: VISSIM analysis of mitigated design year conditions 
Report submitted Sunday, April 23rd at 11:59 p.m. 
Poster presentation file submitted by Thursday, April 20th at 11:59 p.m. 
Lectern presentation file submitted by Monday, April 24th at noon 
Poster presentations: Lab periods on Tuesday/Thursday April 25th and 27th 
Lectern Presentations (3± min/person): During lecture on April 25th and April 27th
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CIVE 463  2017 
SITE LOCATION EXAMPLES 
 
Examples for group with 1 person 
 
Lincoln – Capital and J 
 
Omaha - Pacific and 67th
 
Examples for group with 2 people 
 
Lincoln – Salt Creek Rd Roundabouts 
 
Omaha - Cuming and N. Saddle Creek
Examples for group with 3 people 
 
Lincoln – 14th and Superior 
 
Omaha - Industrial and S. 132nd
Examples for group with 4 people 
 
Lincoln – NW 48th and I-80 
 
Omaha - Pacific and I-680 
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Group Member 1:
Group Member 2:
Group Member 3:
Group Member 4:
CIVE463 Traffic Engineering 2017
:
Score:
Lectern Rubric Reviewer: _______________
Gives a succinct but 
complete overview, using 
personal observations.
Ex. Volume 
Conditions
Gives some an idea of the 
traffic demand volumes 
observed.
Gives a good overview of 
the traffic volumes, but not 
insightful.
Gives a succinct but 
complete overview, points 
out critical movements.
Focus:  6 points
Task 1 point 2 points
:
:
Group makes similar 
observations to others.
Group has unique 
perspective / ideas.
3 points
Content:  21 points
Task 1 point 2 points 3 points
First Slide Has one out of three.  → Has two out of three.  → Site location, team members, site image.
Organization List or page numbers are present but incorrect. Has one out of two.  →
Slide 2 lists topics.  Pg no. 
on slides for reference.
Ex. Geometric 
Conditions
Gives some an idea of the 
lane configuration.
Gives a good overview of 
the lane configuration, but 
not insightful.
Design Volumes
Ex. Geometry
Gives some an idea of how 
the operations would be 
affected by background 
growth of traffic.
Gives a good overview of 
future year operations, but 
not insightful.
Gives a succinct but 
complete overview of future 
performance, points out 
critical constraints.
Mitigated
Geometry
(as needed)
Ambiguous about how the 
design mitigation decisions 
were made.
Discuss benefits of the 
mitigated conditions, but 
glosses over limitations 
from site constraints/cost.
Provides an succinct but 
complete overview of 
efficient geometric solution 
to future traffic demands.
Conclusions and 
Recommendations
No conclusion to the 
presentation, just ends. Has one out of two.  →
Bring the parts together and 
concludes on a positive 
note.
Audience
Focus explains the 
assignment, already well 
known to the audience.
Has one out of two.  → Focus is on observations, not the problem statement.
Freshness
Group observations are 
limited to general 
information.
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Has appropriate loudness, 
clarity, and pace.
Memorization Speakers can look up from slides while presenting.
Speakers touch base with 
slides to remember parts.
Material is comfortably 
memorized by speakers.
Hesitation An average amount.  → Only a little bit.  → No "um," "oh," or strange pauses observed.
Professionalism: 10 points
Task 1/2 point 1 point 2 points
CIVE463
Appearance No obscenities on clothing, no hats worn during talk.
Friday (casual day) clothes 
for the office.
Business casual (no need to 
suit up).
Vocalization Has one out of three.  → Has two out of three.  →
Time Window Presentation between 1.5 and 4.5 min per person.
Presentation between 2 and 
4 min per person.
Presentation between 2.5 
and 3.5 min per person.
Submission Uploaded from thumb-drive at time of presentation
Submitted by 8:00 a.m. on 
Tuesday the 25th
Submitted by noon on 
Monday the 24th 
Engagement Some interaction / eye contact with audience.
Okay use of stance, hand 
gestures, and eye contact.
Good use of stance, hand 
gestures, and eye contact.
Task 1/2 point 1 1/2 points 2 1/2 points
Timeliness: 5 points
Professionalism / 
Visual Flair
Some effort is made to 
catch attention.
Good effort is made to 
catch attention.
Presentation file looks/feels 
professional, and catches 
attention.
Slides A format/theme is used. Format/theme chosen seems appropriate.
Format/theme chosen 
enhances presentation.
Text Text is being read directly by presenters.
Text repeats a lot of what 
has been memorized.
Text is brief, audience focus 
on images and talk.
12 point
Images Images are low res or don't relate to point made.
Images are decent res. and 
relate to point made
Images are high resolution 
and enhance point made.
2 points
Visualization:  8 points
Task 1/2 point
Traffic Engineering 2017
Lectern Presentation Rubric
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On-site Member:
On-site Member:
On-site Member:
On-site Member:
Timeliness: 4 points
CIVE463 Traffic Engineering 2017
Score
Poster Rubric Reviewer: _______________
Task 1 point 2 points 4 points
Submission Brought self-printed copy of poster to the event
Submitted by midnight on 
Sunday the 23rd
Submitted by midnight on 
Thursday the 20th
Professionalism: 6 points
Task 1 point 2 point 3 points
On-site group members 
barely paying attention.
Friendly, but not very 
helpful.
On-site members are 
friendly and knowledgable.
Appearance
(worst in group)
No obscenities on clothing, 
no hats worn during talk.
Clean non-work clothes. 
(Jeans and a t-shirt)
Business casual (no need to 
suit up).
Engagement
Ex. Conditions Gives some idea of the site, using aerials.
Gives a good overview of 
the site, but not insightful.
Successfully conveys 
geometry, traffic, LOS.
Design Volume
Existing Geometry
Vague about future 
conditions if nothing done
Basic information: traffic 
growth and fufure LOS
Specific issues with lane 
config., queue lengths
LOS goals are met most 
efficient way possible
Professionalism / 
Visual Flair
Some effort is made to 
catch attention.
Good effort is made to 
catch attention.
Poster looks professional - 
catches attention.
Layout Layout doesn't seem to have a purpose
Understanding not hindered 
by the layout.
Layout allows observers to 
follow design process.
Text Text is sparse and less informative than could be.
Text gives a decent 
overview of project.
Text is integrated with 
images to convey info.
Purpose Presents the content of the class project.
Balance between project 
overview and observation
Focus is on observations / 
lessons learned.
Images Images are low res or don't relate to point made.
Images are decent res. and 
relate to point made
Images are high resolution 
and enhance points made.
Visualization:  20 points
Task 1 points 3 points 5 points
Mitigate Geometry
(if needed)
Signal optimization but LOS 
goals not met.
LOS goals are met, but 
perhaps not efficiently
Content:  20 points
Task 1 point 3 point 5 points
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Report Rubric and Sample Grades Points UG8 UG6 UG2 UG1 UG5 UG4 G1 UG3 UG7 Average
Number of members in group 2 2 2 2 2 2 4 2 2
Report Quantity/Quality
Text Quantity 5 2 3 4 3.5 2.5 5 5 5 5 3.9
Text Quality 5 4 4 4.5 4.5 4 4 5 5 5 4.4
Figure Quantity 5 2 3 3 2 2 4 5 5 5 3.4
Figure Quality 5 2 4 4 2 2 4.5 5 5 4.5 3.7
Professionalism 5 3 4 4 4 3 4.5 5 5 5 4.2
Cover
Included 1 1 1 1 1 1 1 1 1 1 1.0
Names, location, image 1 1 1 0.5 1 1 1 0.5 1 1 0.9
Table of contents
Included 1 1 1 1 1 1 1 1 1 1 1.0
Page numbers correct 1 1 1 1 1 1 1 1 1 1 1.0
Executive Summary .7-1/0 .6/0 .6/0 0/0 .7/0 .3/0 .5/0 1/0 1/0 .3/0
Included 1 1 1 0 1 0.5 1 1 1 0.5 0.8
Background 1 1 1 0 1 1 1 1 1 1 0.9
Existing analysis 1 1 0.5 0 0.5 0 0.5 1 1 0 0.5
No-build design year analysis 1 1 0.5 0 0.5 0 0.5 1 1 0 0.5
Recommended mitigation 1 - 1 - 0.5 0 0.5 1 1 0 0.6
1. Background (starts page 1) 2-3/2-3 .6/0 2.5/3 2/2 1/0 1/1 1/0 3.5/2 6/10 4/9
Included 1 1 1 1 1 1 1 1 1 1 1.0
Introduction to site location (f) 2 1.5 2 2 2 2 2 1 2 2 1.8
Lane configurations (f/t) 2 2 2 2 2 2 2 2 2 2 2.0
Auxiliary pocket lengths 1 1 1 0 1 1 0 1 1 1 0.8
Phasing observations (f) 2 1.5 1.5 2 1.5 2 1.5 1 2.5 2 1.7
Approach speeds 1 1 1 1 1 1 1 1 1 1 1.0
Unique characteristics of the site 2 1 1.5 1.5 1.5 2 1.5 2 2 2 1.7
2. Volume Scenarios 2-3/2-3 0/0 0 0/0 .7/0 .3/0 2.5/3 3/3 1/2 1.5/3
Included 1 0.5 0 0 1 1 1 1 1 1 0.7
Existing volume raw counts (t) 1 0 0 0.5 0 0 1 0.5 1 1 0.4
Seasonal adjustment to peak 1 0 1 1 0.5 1 1 1 1 1 0.8
Existing year volumes (t) 1 0 0.5 0.5 0 0 1 1 1 1 0.6
Background growth 1 0 0.5 1 0.5 1 1 1 1 1 0.8
Design year volumes (t) 1 0 0 0.5 0 0 1 1 0 1 0.4
3. Existing Conditions Analysis 2-4/2-3 .7/0 1/1 3/1 .7/1 .6/0 2/2 9/6 2/3 1/0
Included 1 1 1 1 1 1 1 1 1 1 1.0
Explanation of delay / LOS (t) 2 0 0 0 2 2 2 1.5 1 0 0.9
Analysis with HCM methodology (f/t) 2 1.5 2 1 1 1.5 1.5 2 2.5 2.5 1.7
Analysis with simulation (f/t) 2 0 0 1.5 1 1.5 1.5 2 2 2 1.3
Commentary on match to observed conditions 3 3 0 1 2 3 2 3 2 2 2.0
4. No-build Design Year Analysis 1-3/1-2 .5/0 .3/0 1.5/0 .5/0 .5/0 1.5/1 3/3 2/3 1/0
Included 1 1 1 1 1 1 1 1 1 1 1.0
Analysis with HCM methodology (f/t) 2 1.5 1.5 1 1 1.5 1.5 2 2.5 2.5 1.7
Analysis with simulation (f/t) 2 0 0 1 1 1.5 1.5 2 2 2 1.2
Commentary on results of analysis 3 2 1.5 1 1 2 2 3 1 2 1.7
5. Mitigated Design Year Analysis 2-4/2-3 n/a 1/2 n/a .4/0 .5/0 2/1 2/3 2/2 2/1
Included 1 - 1 - 1 1 1 1 1 1 1.0
Explanation of mitigation (f) 3 - 2 - 1 3 2.5 3 2.5 3 2.4
Analysis with HCM methodology (f/t) 2 - 0 - 1 1.5 1.5 2 2.5 2.5 1.6
Analysis with simulation (f/t) 2 - 0 - 1 1.5 1.5 2 0 2 1.1
Commentary on results of analysis 3 - 0 - 1 2 2 2 1 2 1.4
6. Conclusions and Recommendations (ends page no's) .7-1/0 0/0 .2/0 .2/0 1/0 .2/0 .5/0 .6/0 .7/0 2/3
Included 1 0 1 1 1 1 1 1 1 1 0.9
Summarize unique characteristics of site 2 0 0 0 2 0 1.5 1.5 2 2 1.0
Summarize no-build design year analysis 2 0 0 0.5 2 1 1 0.5 2 2 1.0
Summarize recommended mitigation/analysis 2 - 1 - 2 1 1 0.5 2 2 1.4
Appendices
Appendix A: Traffic summary and count sheets 2 1 1 2 1 1 2 1.5 2 1.5 1.4
Appendix B: Seasonal/background growth 1 0.5 0 0.5 1 0.5 1 0 0.5 1 0.6
Appendix C: HCM existing conditions 2 2 2 2 2 1.5 2 1.5 2 2 1.9
Appendix D: Vissim existing conditions 2 1.5 1.5 1.5 0 1.5 1.5 1 2 2 1.4
Appendix E: HCM no-build design conditions 2 2 2 2 2 1.5 2 1.5 2 2 1.9
Appendix F: Vissim no-build design conditions 2 1.5 1.5 1.5 0 1.5 1.5 1 2 2 1.4
Appendix G: HCM mitigated design conditions 1 - 1 - 1 0 1 1.5 1 1 0.9
Appendix H: Vissim mitigated design conditions 1 - 0 - 0.5 0.5 0.5 1 0 1 0.5
Preliminary Project Report Grade 100 59 59 65 66 68 83 88 91 92 74.6
Report Size (pages in body) 10-18 3 5 7 6 3 13 21 14 14
Report Figures (no. of figs/tables within body of report) 9-14 0 6 3 1 1 9 19 20 16
Appendix Size (pages in appendix) BIG 7 49 33 58 5 16 130 32 27
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Background: Case Study – Normal Blvd and South St, Lincoln, NE 
Roadway Geometry 
The intersection of Normal Boulevard and South Street is located in Lincoln, Nebraska, 
approximately two miles southeast of the capital building.  Normal Boulevard is a major arterial 
and is one of only a handful of roads traversing Lincoln at an angle, serving as a primary 
commuting path for residents on the south and east sides of town to travel to work in the 
downtown business area.  South Street is a major arterial providing east/west movement within 
town, approximately one mile south of the capital building.  The existing geometry, shown in 
Figure 1, includes two lanes on the approach from each arterial, with a single auxiliary turn lane 
being added for left-turning vehicles at each of the four approaches.  The length of full-width 
storage space on the auxiliary turn lanes is approximately 100 ft on east/westbound approaches, 
150 ft on the southeast-bound approach, and 250 ft on the northwest-bound approach.  The close 
proximity of the signalized intersections at Normal and 40th, and South and 40th, have a large 
impact on the functionality of this junction. 
 
Figure 1 Existing roadway geometry for Normal Blvd (NW/SE) and South St (E/W) 
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Traffic Volumes 
Field observation at the intersection of Normal Blvd and South St was conducted on Thursday, 
March 31st, from 4:00 until 6:00 pm.  With very little flow of pedestrians and bicycles at the site, 
the primary focus of data collection was on vehicles; a nominal amount of 5 pedestrians and 5 
bicycles per approach will be used for the purpose of analysis.  Heavy vehicles (HV) were 
counted separately from passenger-car-equivalent vehicles; HV were defined as large trucks, 
busses, and RVs, based on queue space taken as well as acceleration profiles.  The most recent 
seasonal adjustment factor for Nebraska comes from the 2014 Annual Traffic Record report, 
with a conversion factor for volumes collected in March to those of the peak month in June being 
1.053.  Examining historical traffic patterns within the region, the previous ten years have seen 
Annual Daily Traffic values either hold constant, or decrease; a conservative approach is taken 
for projecting future volumes at this location, assuming a 1% background growth rate (higher 
than observed) for the 20-year design horizon, with the cumulative impact being a multiplier of 
1.220.  The combined impact of seasonal and background growth adjustments is a multiplier of 
1.285 to adjust the raw data collected to the design year analysis volumes.  The peak hour factor 
used for projected year analysis is taken as a constant 0.92 for all approaches, consistent with 
common engineering practices.  The traffic volumes collected are provided in Table 1, with 
subsequent values used for analysis provided in Table 2 for existing year volumes, and Table 3 
for design year volumes. 
 
Table 1 Peak hour raw volumes collected 
 
 
Table 2 Seasonally adjusted volumes for existing year analysis 
 
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
61 167 0 228 25 332 16 373 4 101 56 161 2 122 30 154 916
38 170 2 210 35 341 3 379 9 137 69 215 0 118 18 136 940
43 206 0 249 37 371 12 420 11 125 48 184 2 148 20 170 1023
26 190 0 216 34 352 12 398 8 139 67 214 1 153 37 191 1019
Total Volume 168 733 2 903 131 1396 43 1570 32 502 240 774 5 541 105 651 3898
% App. Total 18.6 81.2 0.2 8 88.9 2.7 4.1 64.9 31.0 0.8 83.1 16.1
PHF .953
% Trucks
.900 .852
0.0 0.0 0.0 0.0
.907 .935
South St
5:00 PM
5:15 PM
Start Time
4:30 PM
4:45 PM
Westbound
Raw Normal Blvd
Volumes Northbound (NW) Southbound (SE) Eastbound
Normal Blvd South St
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
64 176 0 240 26 350 17 393 4 106 59 169 2 128 32 162 964
40 179 2 221 37 359 3 399 9 144 73 226 0 124 19 143 989
45 217 0 262 39 391 13 443 12 132 51 195 2 156 21 179 1079
27 200 0 227 36 371 13 420 8 146 71 225 1 161 39 201 1073
Total Volume 176 772 2 950 138 1471 46 1655 33 528 254 815 5 569 111 685 4105
% App. Total 18.5 81.3 0.2 8 88.9 2.8 4.0 64.8 31.2 0.7 83.1 16.2
PHF .951
% Trucks 0.0 0.0 0.0 0.0
Start Time
4:30 PM
4:45 PM
5:00 PM
5:15 PM
.906 .934 .902 .852
Existing Normal Blvd Normal Blvd South St South St
Volumes Northbound (NW) Southbound (SE) Eastbound Westbound
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Table 3 Design year volumes for analysis 
 
 
Signal Operation 
The traffic signal was observed to operate as a standard four-phase actuated signal. 
The southeast-bound and northwest-bound left turn movements on Normal Blvd are leading and 
actuated; the end time for the left-turn phases were independent of one another, and either one 
can be skipped in the absence of demand for a given cycle.  The southeast-bound and northwest-
bound through/right shared movements on Normal Blvd begin at different times depending on 
the clearance of the opposing left-turn queues, and end concurrently.  Among the left- and 
through/right-movements on Normal Blvd, the northwest left-turns and southeast through/right 
demand volumes are observed to be critical. 
The eastbound and westbound left turn movements on South St are leading and actuated; the end 
time for the left-turn phases were independent from one another, and either one can be skipped in 
the absence of demand for a given cycle.  The eastbound and westbound through movements on 
South St begin at different times depending on the clearance of the opposing left-turn queues, 
and end concurrently.  Among the left- and through-movements on South St, the left-turn 
movements have extremely low volumes and will likely be assigned minimum green times, 
while the through-right demand volume in the eastbound direction is observed to be critical. 
 
 
 
  
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
Total Volume 216 942 3 1161 168 1793 55 2016 41 645 308 994 6 695 135 836 5007
% App. Total 18.6 81.1 0.3 8 88.9 2.7 4.1 64.9 31.0 0.7 83.1 16.1
PHF .920
% Trucks
Design Normal Blvd Normal Blvd South St South St
Volumes Northbound (NW) Southbound (SE) Eastbound Westbound
0.0 0.0 0.0 0.0
Start Time
.920 .920 .920 .920
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Vistro Scenario 1: Existing Year Volumes - Existing Geometry 
Roadway Geometry 
Since we’re working with an actual roadway facility 
in this example, the first step will be to zoom in on 
the map to the location of interest.  The simplest 
zoom function is to use the wheel mouse, rolling 
forward to zoom in, and holding down the wheel to 
pan.  This sample exercise is using the intersection of 
Normal Boulevard and South Street in Lincoln, 
Nebraska, as shown in Figure 2. 
 
 
 
Down the left side of the Vistro window you will find a number of buttons that provide quick 
access to the main functions on the map.  The top button, shown in Figure 3, provides a method 
to insert intersections onto the map; this includes signalized 
intersections, four-way stop control, two-way stop control, 
roundabouts, and undefined control locations.  The next four 
buttons (zone, gate, path, and route) control trip generation 
and distribution within the network.  We won’t be exploring 
these functions further in this example, but these function 
would be useful when analyzing larger-scale designs where 
alternative routes were being considered.  The remaining nine 
buttons down the side of the screen will control the visual 
display of the network being created, turning on/off things like 
street name labels, turn movement counts, the LOS of the 
approaches, etc. 
 
Selecting the signalized intersection button, we’ll use the wheel of the mouse to zoom in as close 
to the center of our junction as we can, and place a generic signalized intersection at the location 
we wish to model, as shown in Figure 4.  Having created the intersection, the right-half of the 
Vistro screen becomes active, and we see many options related to the intersection setup.  The 
facility inserted is not an intelligent construct that interprets information from the background 
map, but is instead a four-way signalized intersection with one general-purpose lane on each 
approach, geometrically arranged at 90-degree angles.  It will be up to the engineer to provide 
additional information about the intersection location.  It won’t matter what order they’re done 
in, but the next part of our process will be to define (a) the lane configuration of each approach, 
(b) the pocket length for auxiliary turn lanes, and (c) the alignment (angle) of the approaches. 
Figure 2 Normal Blvd and South St 
Figure 3 Intersection Button 
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Figure 4 Initial results of placing signalized intersection 
 
Defining the lane configuration and pocket lengths should be a mostly intuitive process.  In this 
case, we can see from the aerial image on the map that there are two lanes on each approach, 
with an auxiliary lane being added on the left side nearing the intersection.  There are no visible 
painted arrows on the lanes to indicate 
left/through/right or shared, but observations 
during traffic collection were that the auxiliary 
lanes are dedicated left-turn lanes, and the two 
approach lanes become one dedicate through lane 
on the left, and one shared through/right lane on 
the right.  Within the intersection setup window 
(right side of Vistro), we can left-click on the 
diagram for lane configuration shown on each 
approach, as shown in Figure 5, and select the 
appropriate set of lanes based on our observations.  
 
The pocket length is the physical length of the auxiliary turn lane before it tapers back down (at 
its full width) – the beginning of the taper can often be found by looking for the end of the solid 
white line pavement marking that divides the lane.  Using the ruler function in Google Earth, it 
was found that at this location the pocket lengths are approximately 100 ft on the eastbound and 
westbound approaches, 150 ft on the southeast-bound approach, and 250 ft on the northwest-
bound approach.  Accessing the pocket length row in the intersection setup window requires that 
the “No. of Lanes in Poc” is required to be set to one or more.  If the number of lanes in the 
pocket is set to zero, it implies that there is essentially infinite space in that lane in which to 
queue vehicles. 
 
 
Figure 5 Lane Configuration selection 
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Adjusting the alignment (angle) of the approaches 
is done graphically in a drag-and-drop sort of 
procedure on the left half of the screen.  Hovering 
the mouse pointer over the edge of the intersection 
will display the grip points which can be grabbed 
and stretched to the appropriate location, shown in 
Figure 6.  In this image, the southeast-bound 
approach has been stretched to a correct location, 
but the eastbound, westbound, and northwest-
bound directions have not yet been moved; the 
grip point on the northbound approach is 
highlighted in blue, as the mouse is hovering 
directly over this point. 
After dragging the four approaches to their entry points, the northwest-bound approach isn’t 
matching the existing roadway geometry well, because this approach is not a straight line in the 
field.  Hovering with the mouse overtop of the approach, the whole rectangle is highlighted in 
blue – we can then left-click and drag any point along this approach to add an additional 
inflection point along the approach, as shown in Figure 7. 
 
Figure 7 Adding inflection points for approaches with curvature 
 
Additional options for the intersection setup step with Vistro include defining the size of the 
median, the speed of the approach, the grade of the approach, the presence and width of 
crosswalks, and channelization details for right-turn movements.  The default approach speed in 
Vistro is set to 30 mph; a quick tour of the local roads with Google maps street view function 
shows that the southeast-bound approach is posted at 40 mph, with all other approaches posted at 
35 mph. 
Figure 6 Stretching the alignment 
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Traffic Volumes 
With the geometric layout complete, the 
next step is to enter the traffic volume 
scenario into the software.  Concluding the 
intersection setup stage of the model 
creation, we’ll move to the “Volumes” tab 
along the top of the right side of the 
screen, as shown in Figure 8.  
 
For the existing conditions analysis, we’ll 
be referencing a number of items from 
Table 2, and the previous discussion on 
traffic volumes from the background 
section of this document.  The “Total 
Volume” row in Table 2 is entered into the 
“Base Volume Input [veh/h]” row in the software.  Moving downward through the Volumes 
information in the software, we’ll adjust the “Heavy Vehicles Percentage [%]” row to match the 
observed conditions at this intersection, in this case 0% heavy vehicles on all approaches.  We’re 
going to leave alone most of the rows for this intersection, which would be used for different 
types of analysis.  Leave the “Base Volume Adjustment Factor” and the “Growth Rate” rows at 
1.00 for now.  Ignore the entire section subtitled “TIA Demand,” as we’re not examining the 
impact of additional traffic generators for this study.  In the case of the existing year volume 
scenario, we’ll use the peak hour factors calculated for each approach, rather than the overall 
intersection peak 
hour factor.  No on-
street parking or bus 
activity was noted 
during the traffic 
counting activities, 
and as previously 
discussed, a 
nominal amount of 
five pedestrians and 
five bicycles is 
entered in for each 
approach.  The 
results of the 
volume data entry 
are shown in Figure 
9. 
 
Figure 8 Volumes tab for data input 
Figure 9 Completed volume input for existing-year volume scenario 
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Signal Control 
With the geometric layout and 
volume input complete, the next 
step is to set up the signal controls 
within the software.  The “Traffic 
Control” tab is the third along the 
top of the right side of the screen, 
as shown in Figure 10. 
Reviewing the content from the 
background section about the 
signal control, there are a number 
of default values here that need to 
be changed.  In the case of our 
sample location, the left-turn 
movements were fully actuated, 
and would skip phases if no 
demand existed for a cycle, so the 
row titled “Actuation Type” will 
be changed from Fixed to Fully 
Actuated by left-clicking on the 
location where by default it says 
“Fixed.”  Next, under the “Control 
Type” row, we’ll left-click where it 
currently says “Permissiv” for each of the four left-turn movements, and change these cells to 
say “Protected.”  Make sure that “Located in CBD” is deselected, or it will increase all of the 
volumes by 10%. 
The operation of the signal was observed to be a typical four-phase configuration, so it’s possible 
to take advantage of a provided functionality of the software – the small black/white signal icon 
near the top right corner of the screen shows the following message if you hover the mouse over 
it: “Create Default Signalization: Set signal group numbers and create sequence.”  Pressing this 
signal icon (after having set the left-turn movements to protected) gives us an option for Lead or 
Lag (left-turn movements occur before or after the through movements), and we’ll select Lead 
and hit OK.  The software will generate the four-phase sequence we desired, with 
SEL/NWT//EBL/WBT in the top ring, and NWL/SET//WBL/EBT in the bottom ring.  The 
diagram at the bottom of the screen won’t look correct at first, because there’s more work to do.  
Next set all values in the “Minimum Green [s]” row to 6 seconds.  In the “Maximum Green [s]” 
section, we’ll want to have all of the left-turn movements at 30 seconds, and set the 
through/right-movements to 90 seconds each – this will allow the optimization function a lot 
more leeway when assigning percentage green times to the various phases.  Next to the “Create 
Default Signalization” button in the top right corner is another button that looks like a stopwatch; 
holding the mouse over the stopwatch button indicates that its function is “Optimize Splits and 
Figure 10 Signal control input dialog window 
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Cycle Time,” so we’ll click it after we’ve adjusted our min/max green times.  We’ll use v/c 
balancing for our optimization process, and keep all of the other default values. 
Our initial results from this first optimization won’t match what we’re seeing in the field, so 
we’ll continue to modify our signal configuration to account for as much information as we can.  
The vehicles on the southeast-bound approach were observed to arrive almost entirely on green, 
so we’ll adjust the Arrival type row 
(at the end of the Saturation Flow 
section) to a 4 for the southeast-
bound approach.  In order to skip 
the left-turn movements on the 
fully-actuated signal, we’ll check 
off that detectors are located on the 
left-turn lanes, and set the detector 
location to 0, with a length of 20, 
which will capture the presence (or 
not) of vehicles waiting for this 
movement.  Next we’ll change the 
range and step-size for our 
optimization – since we’re 
experiencing undersaturated 
conditions here, we’ll limit the 
range of total time from 60-120, 
and we’ll step by 5 seconds instead 
of 10 seconds.  One potential result 
is shown in Figure 11. 
 
(Preliminary results using the optimization button indicate that the resulting signal timing and 
delays can vary wildly, and optimizing multiple times may be necessary to obtain the best 
results.  If your results are inconsistent, try setting the cycle length manually, and only 
optimizing the splits based on v/c ratios using the third button that looks like a pie-chart next to 
the stopwatch.) 
 
Results/Output – Existing Volumes with Existing Geometry 
The results from signal optimization are immediately available at the bottom of the screen under 
the Traffic Control tab, with a sample shown in Figure 12.  The report generated from Vistro 
includes fifteen pages worth of information, but only pages 2-5 would be critical to include in a 
report appendix, documenting both the input and output of the site.  Other pages from the report 
may be useful for generating figures to include in the front section of a report. 
Figure 11 Sample optimized signal timing 
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Figure 12 Detailed results generated by Vistro 
 
Vistro Scenario 2: Design Year Volumes – Existing Geometry 
The simplest way to update an existing location for future year analysis would be to save the 
existing file as a new file, adding to the file name something like “_DesignYear” before making 
modifications. 
Updated Traffic Volumes 
Updating the traffic volumes for the future year analysis is as simple as returning to the volumes 
tab, finding the row titled “Growth Rate,” and updating the value to represent the total 
background growth experienced between the existing analysis and the design-year analysis.  In 
this case, a 1% growth rate over twenty years results in a cumulative growth rate of 1.220. 
Updated Signal Timings 
The optimization tool in Vistro appears to get confused when dealing with oversaturated 
conditions.  In order to analyze the future year volumes with the existing geometry, we’ll set the 
cycle length to the maximum desired 120 seconds, and use the button that looks like a pie-chart 
to optimize the splits within the 120-second cycle. 
Results/Output – Design Volumes with Existing Geometry 
As expected, the design-year volumes with the existing geometry results in an overall LOS of F, 
as the intersection is now in failure.  The results are summarized in Figure 13. 
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Figure 13 Resulting operations for design year volumes and existing geometry 
 
Vistro Scenario 3: Design Year Volumes – Mitigation Geometry 
For mitigation of our design, we’ll take advantage of a built-in functionality with Vistro that 
allows us to construct multiple scenarios.  Looking at the far-right tab along the top, the 
blue/white icon that looks like layers on top of one another is the “Mitigation” tab, which is 
where we’ll do the rest of our work.  By default, the Mitigation tab generates an “Unmitigated” 
condition, as well as two optional conditions.  We’ll use the two options to attempt to find two 
new geometries, the first which will maintain overall LOS D for the intersection, and the second 
which will provide LOS D or better for every lane group. 
Geometric Mitigation 
Starting with the highest v/s ratios, we’ll look to add the minimum number of additional lanes 
(cost) to achieve our goals. 
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VISSIM Scenario 1: Existing Year Volumes - Existing Geometry 
There are two default settings within Vissim that we’ll be changing before we begin any work 
with our specific intersection.  The first is to go under the Edit drop-down menu, and select 
“User Preferences…” – wherein we’ll go to the “Network editor” section, and set Right click 
behavior to “creates a new object.”  Next, under the Base Data drop-down menu, we’ll select 
“Network Settings” and under the “Units” tab, we’ll select “All Imperial.”  PTV, the company 
that makes Vistro and Vissim, is based on Europe, so the default Metric units will need to be 
changed for application within the United States. 
Roadway Geometry 
Since we’re working with an actual roadway facility 
in this example, the first step will be to zoom in on 
the map to the location of interest.  The simplest 
zoom function is to use the wheel mouse, rolling 
forward to zoom in, and holding down the wheel to 
pan.  This sample exercise is using the intersection of 
Normal Boulevard and South Street in Lincoln, 
Nebraska, as shown in Figure 14.  An equally 
effective zooming method would be to use the button 
along the top of the map that looks like a magnifying 
glass with a plus symbol on it, to define successive windows with which to zoom. 
 
Down the left side of the Vissim window you will find a number of 
buttons that provide quick access to the main functions on the map.  The 
top button shown in Figure 15, Links, provides a method to place lanes 
on the map to create the network.  Other buttons we’ll engage with in 
later steps of the model creation are the conflict areas, signal heads, 
vehicle inputs, and vehicle routes. 
Selecting the links button, we’ll use the wheel of the mouse to zoom in 
closer to the lanes, and holding down the right mouse button drag from 
the center at the end of the lane group to the center at the start of the lane 
group, as shown in 
Figure 16.  If 
there’s more than 
one full-length lane 
on an approach, 
you’ll draw them 
as one link, and 
change the number 
of lanes to 2 in the 
dialog box.  If the 
Figure 14 Normal Blvd and South St 
Figure 15 Objects Figure 16 Link placement and dialog box 
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link you’re adding has curvature along the 
alignment, you can add inflection points to 
the link by first left-clicking on the object 
to set the link as current, and then right-
clicking at the locations along the link 
where you wish to add inflection points.  
At this point, we now have links for each 
approach, and each auxiliary turn lane, but 
they aren’t yet attached to each other with 
connectors, as shown in Figure 17. 
 
 
To place a connector, first hover your 
mouse over the place on a link where you 
wish a connector to start, then right-click 
on that spot and keep the right mouse 
button depressed, dragging the connector 
to the link where you wish it to stop.  
You’ll know when you’re hovering over a 
possible location because the connector 
between the two will show up in what 
could be considered its draft position.  For 
the example problem at hand, connectors 
will be needed for vehicles to travel from the approach 
lanes to the back of the left-turn lanes, and for the left, 
through, and right movements through the 
intersection.  The highlighted connectors shown in 
Figure 18 are necessary for eastbound-left turns. 
 
By default, connectors will include the maximum 
number of lanes from both the originating and 
receiving links.  In the case of the example 
intersection at Normal and South, the right-turn 
connectors come in with two lanes by default, and 
must be modified to only be one lane wide.  The 
dialog box in Figure 19 originally included both Lane 
1 and Lane 2 as highlighted, but in this case, we only 
want Lane 1 to be connected to Lane 1, with no 
connections to Lane 2. 
 
Figure 17 Links without connectors 
Figure 18 Eastbound-left connectors (in yellow) 
Figure 19 Westbound-right dialog 
box 
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Traffic Volumes 
Traffic volumes in Vissim are generated as a combination of two elements, the Vehicle Inputs 
and Vehicle Routes, both of which are found along the left-side of the screen in Vissim.  The 
Vehicle Inputs go at the entry points to the network, and define the number of total vehicles 
approaching from that direction.  The Vehicle Routes have a decision point and an end point, 
with the decision point going near the beginning of the approach just after the Vehicle Input, and 
the end point going at the exit point of the network for that vehicle. 
 
A good first step to defining the vehicle inputs is to navigate to the left side of the screen, and 
right-click on the row that says Vehicle Inputs.  This will open up a list of options – select the 
first one to “Show List” and the list of vehicle inputs will appear on the right side of the screen, 
below the map that displays the map.  Next, hover over the first approach link you wish to add 
vehicles to near the end of it, and right click the mouse once to add a Vehicle Input location 
(these appear as black lines by default).  Doing this four times for the example problem will add 
the vehicles for the four approaches, as shown in Figure 20.  The volumes for each approach 
must be entered in the appropriate rows within the vehicle input list. 
 
 
Figure 20 Vehicle inputs 
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Switching to Vehicle Routes, we’ll 
choose the Static option for our 
routes, rather than the partial or the 
parking options.  Left-clicking on 
the Vehicle Routes word on the left 
side will set it to the current 
function, allowing the routes to be 
defined on the map.  To define a 
route, first right click at the 
beginning of the route, then move 
the cursor over to where the end 
point is intended to be, the route 
that vehicles will take becomes 
highlighted.  By default, the 
starting point of the route appears 
as a line of pink, the end as a line of 
light blue, and the path in-between shows as a highlighted route in yellow.  After right-clicking 
the end of the left-turn movement, the eastbound entry point is still highlighted in pink, and the 
end points for the through and right-turn movements must be selected.  Pulling up the list for the 
vehicle routes, the window at the bottom of the screen splits into two, with the decision points 
shown on the left side and the destinations shown on the right.  The volume inputs entering the 
approach come to the decision point, and are assigned a route based on the “RelFlow” column on 
the right side of the window.  For each approach, we need to enter in the relative flow rates in 
those directions, which we’ll take to be the turn movement counts as observed for the location.  
An example of the vehicle routing for the eastbound approach of the case study is shown in 
Figure 21, with the eastbound-left turn movement highlighted in yellow. 
 
Completing all of the vehicle input/routing for the location leads to the next phase, the definition 
of signal timing/phasing/control. 
 
Signal Control 
Vissim does not understand from the configuration of the lanes that this location is a 
conventional signalized intersection.  It’s built up of components, individual cars traveling on 
individual paths, and it’s the responsibility of the designer to design the signal controls and 
locate the stop bars for each individual lane.  In this case, the Vistro analysis is used to determine 
the phasing, cycle length, and splits for the intersection in question.  No offsets need be 
considered in this scenario, because only one intersection is being modeled, effectively as an 
isolated signalized location.  The phase diagram from Vistro for the sample location is shown in 
Figure 22. 
Figure 21 Eastbound-left vehicle routing 
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Figure 22 Signal configuration as determined by Vistro for existing conditions 
 
To begin setting up the signals in Vissim, we’ll first define the phasing of the signal, and then 
locate the stop bars that will enact the 
phasing plan and do the actual control of 
each lane.  Under the drop-down menu for 
“Signal Control,” select “Signal 
Controllers.”  This will pull up an empty 
list of signal controllers along the bottom 
of the right side of the screen.  Right 
clicking in the white-space of the signal 
controllers list gives the option to Add, 
which we will select, bringing up the 
dialog box shown in Figure 23.  Left-
clicking the Edit Signal Control button in 
this dialog box will bring us to the next 
step in creating out signal phasing. 
 
 
Figure 23 Editing the signal controller 
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Examining the Signal Group information listed in 
Figure 22, we see that there are eight phases for 
the signal of the site we’re using herein.  Under 
the signal group tab of the dialog box for Edit 
Signal Control, we’re going to add eight groups, 
using the phase order red-green-amber(yellow), 
with timings of 1-6-3, to correspond to the 1-
second all-red, 6-second minimum green time, 
and 3-second yellow phases used in our Vistro 
analysis.  It probably makes the most sense to 
make the first one, edit the default sequence and 
default durations, and then copy it seven times, so 
that each one has the configuration shown in 
Figure 24.  Next, under the Signal Program tab, 
we’ll add a new signal program, and then edit that 
program, which will bring us to Figure 25. 
 
 
 
The initial signal program produced takes 
the eight signal groups we created, and has 
each one of them run for the full time 
period of the signal.  Changing the names 
of each of the signal groups to match the 
number/direction from Figure 22 will go a 
long way toward making them easier to 
keep track of.  Ultimately the goal is to 
drag the interactive timing in this diagram 
until Figure 26 matches Figure 22. 
 
 
Figure 24 Signal group configuration 
Figure 25 Signal program initial screen 
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Figure 26 Completed signal control configuration 
 
With the phasing/timing portions of our work complete, we can begin to enter the placement of 
the stop bars on the map.  The easiest way to see where to place the stop-bars is usually to turn 
the links/connectors invisible temporarily, and overlay the control locations for the simulation 
directly on top of the existing stop bars (assuming there are stop bars at your location.  If there 
either aren’t stop bars, or you’re not able 
to see them, use engineering judgement on 
where to place your signal heads (stop 
bars) in Vissim.  These lines will 
effectively act as gates that are down when 
the light is green, and are up when the 
light is red.  Each lane will get its own 
stop bar (signal head), and the Signal 
group will define which phase that 
movement is allowed to move with, such 
as the westbound-left movement shown in 
Figure 27. 
 
Once all of the signal heads are located on your map, hit the “Simulation Continuous” (play) 
button at the top of the screen to see how things are looking, and make adjustments as necessary. 
Figure 27 Signal Head (stop bar) locations 
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Vehicle Travel Time Detectors 
Add vehicle travel time detectors approximately at the same spots as you added the vehicle route 
decisions. 
 
Figure 28 Travel time detector locations 
 
Best practice: Make the start and end points uniform distances away from the intersection, such 
as everything located 500’ from the centroid of the intersection.  This way, if you’re working 
with designs like alternative intersections that include additional travel time not represented in 
the automatic delay measure, you can use the travel time measure instead of the delay measure, 
knowing the point-to-point base travel time to calculate delays.  An example of the table 
information shown of these detectors is seen in Figure 28. 
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Evaluation Parameters 
Under the Evaluation drop-down menu at the top of the screen, select Configuration.  Match 
your Evaluation Configuration window to match that shown in Figure 29. 
 
 
Figure 29 Evaluation Configuration 
In this case we’re not going to mess with Direct Output files from Vissim. 
Depending on how many times you end up re-doing your analysis, you may want to go into the 
Result Management tab and select the “of current (multi-)run only” for which results you keep 
from previous simulation runs. 
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Simulation Parameters 
Under the Simulation drop-down menu at the top of the screen, select Parameters.  Match your 
Simulation Parameters window to match that shown in Figure 30. 
 
 
Figure 30 Simulation parameters 
 
When using a simulation tool instead of a deterministic tool, we need to take the average of 
multiple runs in order to account for randomness in our data. 
The period is 25 minutes, but we are only collecting data from minute five to minute twenty.  
The first five minutes represents the loading time for the network.  The fifteen minute collection 
period is because our volumes are for the peak fifteen minutes of the day, and if conditions are 
oversaturated the queues will keep building and provide overly negative average delay results. 
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Collecting the Results 
Under the Evaluation drop-down menu at the top of the screen, select Measurement Definition, 
and then Delay Measurement.  This should open up a list at the bottom of the screen on the right 
side that will initially be empty.  You’re going to right-click and add as many rows to this list as 
you have delay measurements – it helps to label them appropriately (NBL, NBT, NBR, etc.) 
 
Displaying the Results 
Under the Lists drop-down menu at the top of the screen, select Results, and then Delays.  This 
should open up a list at the bottom of the screen on the right side that will initially be empty, 
until the simulation is run. 
 
Running the Simulation 
The blue “play” button at the top of the screen will run your simulation.  Since we’re running 
250 minutes’ worth of simulated traffic, it may take a while for the computer to process this 
information.  As your simulation runs, check for errors in driver behavior – queues where there 
shouldn’t be, vehicles violating a red light, etc. – if you see these kinds of errors, you’ll want to 
stop your simulation and fix the problems before gathering data. 
 
Gathering the Results 
Once all ten simulation runs have been completed, you’ll scroll through the list of delay results 
until you get to the SimRun labeled “Average,” as shown in Figure 31.  All of your turn 
movements should appear in this category, summarizing the cumulative results of all ten 
simulation runs.  The column of interest is “VehDelay(All)” which lists the turn movement 
delays for each of the turn movements.  To get the overall intersection delay, we’ll take the 
weighted average of the various turn movements, weighted based on the hourly flow-rates. 
 
Figure 31 Delay results 
87
CIVE 463 Project Report Guidance 2017 
Caveat: The following recommendations are my understanding of best practices for 
writing up a report similar to a traffic impact study.  These may not be exactly what your 
future employer has in mind, but if you follow this guidance you’ll at least have a 
respectable starting point for producing reports in the future. 
 
General Guidance 
This project is intended to provide as close to a real-life experience as possible working 
with traffic impact studies.  The focus of the report should not be on documenting the 
steps you took to get the information, but should be on the information itself, the 
engineering decisions you made, and the observations of how the observed conditions 
match (or not) the results from the software. 
 
Cover 
Should include the names of the people working on the project, the location of the 
project, and a picture (aerial screen capture from google maps works) of the site. 
 
Table of Contents 
Should be its own page.  Make sure the page numbers are correct.  Start numbering 
with the background section and stop numbering with the 
conclusions/recommendations. 
 
Executive Summary 
This section will likely take up most of a page, and shouldn’t include any figures or 
tables.  It should be its own page.  This is a one-page summary of the entire report, so 
write it last once the rest is complete. 
Condense the background section down to a short paragraph of three or four 
sentences.  Likewise, condense the existing conditions, no-build design year analysis, 
and recommended mitigation down to a short paragraph each.  You should identify your 
findings in the executive summary, including overall intersection average delay / LOS, 
as well as particular movements in failure. 
In practice, your report will go on a shelf to be referenced if needed, but the decision 
maker will be looking to get all of the information they need from your executive 
summary. 
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Background 
This section will likely take up two to three pages, and include two or three figures.  
You’ll want to introduce your site location. 
It would help to reference where it is relative to major landmarks in the area, as well as 
specific larger traffic generators close by, such as schools, malls, etc.  A figure of the 
site location within the broader context of the city would be appropriate. 
The existing lane configurations need to be spelled out in text, and including a figure for 
the lane configurations would be a good idea – either a close-up aerial image where you 
can see the arrow pavement markings to identify the lane usage, or some other image 
you create of the location, such as a screen capture of the lane configuration you 
entered into Vistro. 
You need to identify the storage lengths for each of the auxiliary turn lanes, and the 
approach speeds on each arterial. 
Phasing observations would include leading/lagging left turns, signal actuation (are 
some phases being dropped if no-one is there), approximate cycle length, etc.  A 
diagram of the phasing observed on site would be beneficial. 
Every site has unique characteristics, and the bulk of your decision making as an 
engineer will be about understanding what is unique about the site, and how that will 
impact your design decisions.   Any undergrad can learn to use the software and plug 
the numbers in, but it will be your ability to identify the context-sensitive concerns and 
solutions on your projects that will set you apart as a quality practicing engineer. 
 
Volume Scenarios 
This section will likely take up two to three pages, and include two or three 
figures/tables. 
You should include a few sentences about when your counts were conducted, and what 
the seasonal adjustment rate is to modify those counts to the peak.  If there was any 
construction, or other reason why the counts you took that day don’t represent an 
average condition, this is where you’d state that.  You really don’t need to provide any 
sort of numbers regarding the field counts here, that’ll stay in the appendix. 
The existing year volumes (that have been seasonally adjusted) should show up at this 
point in the body of your report, either as a figure or as a table.  It would be appropriate 
to add a few sentences of “color commentary,” such as the primary direction of 
commuting traffic (if there is one) and which movements you noted had queues 
remaining at the end of the green interval. 
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A couple of sentences should be included about the background growth rate.  You won’t 
include copies in the report of the local traffic counters and what they observed, but you 
will mention which counters you considered and what their growth rates are for the last 
ten or so years, and go on to state what growth rate you’ve selected based on your 
engineering judgement (even if the 1% we selected isn’t the most reasonable in this 
case).  You’ll then include a figure or table with the design year demand volumes.  If you 
need references for what this would look like, you can go back to the folder on 
Blackboard that has the sample traffic impact studies we looked at in lab near the 
beginning of the semester for ideas.  You may also want to mention at this point 
whether you’re adjusting the peak hour factors to 0.92 for all approaches based on best 
practices for future year analysis, or retaining the peak hour factors you observed in the 
field.  Other considerations might include modifying the truck percentages in the future 
year if it’s within your engineering judgement that this is needed for the site. 
 
Existing Conditions Analysis 
This section will likely be two to four pages long, and include two or three figures/tables. 
An explanation should be provided at this point in the report of the relationship between 
delay and Level of Service (LOS) for signalized intersections, and you should include a 
table in the text indicating the delay thresholds for each LOS.  You can easily pull this 
information either from google, or from our class notes.  Two or three sentences plus 
the table should cover it. 
This didn’t show up in the original rubric, but it would probably be helpful to add a 
paragraph at this spot explaining the design decisions you made when modeling the 
intersection with the software.  If you used pretimed signals when you had observed 
actuated signals, or you made decisions about the arrival type, or you weren’t able to 
exactly model the lane configuration in the software the way you observed it in the field.  
You might also choose to lump this information in with the analysis sections for each 
software. 
A brief write-up of your analysis using one of the HCM software applications should be 
provided, with explicit explanation of any design decisions you made when modeling the 
location.  The results should be written up in text, as well as providing a figure or table 
that includes both the overall intersection delay/LOS, as well as the turn-movement 
delays/LOS.  If you have additional information about estimated queue lengths in the 
auxiliary lanes, this would be helpful to know/include as a designer. 
A brief write-up of your analysis using the VISSIM software application should be 
provided, with explicit explanation of any design decisions you made when modeling the 
location.  The results should be written up in text, as well as providing a figure or table 
that includes both the overall intersection delay/LOS, as well as the turn-movement 
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delays/LOS.  Just because VISSIM isn’t providing you a quick image you can screen 
capture with this information, doesn’t mean you shouldn’t include it in the report. 
Perhaps the most important thing to include as an engineer is a short paragraph 
summarizing your observations about how the results from the software match (or don’t) 
the observations you made in the field.  If you noticed in VISSIM that some of the traffic 
was behaving strangely, this is where you’d mention that, and how you think it may 
have biased the results.  If you noticed a mismatch between the queues predicted by 
the software and observed in the field, talk about that here, and analyze why you think it 
might be happening.  If you weren’t able to fully model something like an actuated 
pedestrian movement that changed the phasing of your signal, talk about that here. 
 
No-build Design Year Analysis 
This section will likely be one to three pages, and include two figures/tables. 
Copy-paste your HCM analysis section from the existing conditions part of the report, 
and update all of the numbers and provide a new figure or table. 
Copy-paste your VISSIM analysis section from the existing conditions part of the report, 
and update all of the numbers and provide a new figure or table. 
The commentary on the results from your analysis is the most important part of this 
section as a design engineer.  Are the software accurately predicting the delays that can 
be anticipated at this site, or did you observe something in the simulation that makes 
you think the analysis is wrong?  Do the different software applications agree with each 
other on what the results will be, and if not, why do you think there’s a discrepancy?  
How bad is it going to get, and how necessary will it be to provide geometric mitigation 
at the site? 
 
Mitigated Design Year Analysis 
This section will likely be two to four pages long, and include two or three figures/tables. 
Write a short paragraph about the design LOS goals for your intersection remediation, 
and a sentence or two summarizing which movements are not currently meeting these 
goals. 
Write a paragraph about the changes to the geometry that you selected for your 
mitigated design.  This would include changes to the number of lanes on each 
approach, changes to the configuration of movements in those lanes (convert shared 
through/right to dedicated right, for example), and changes to the pocket lengths of the 
auxiliary lanes.  It would be a good idea to include a figure at this point, and a screen 
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shot of the updated geometry from VISSIM would be a great place to start in making 
that figure. 
Copy-paste your HCM analysis section from the design-year no-build conditions part of 
the report, and update all of the numbers and provide a new figure or table. 
Copy-paste your VISSIM analysis section from the design-year no-build conditions part 
of the report, and update all of the numbers and provide a new figure or table. 
Comment on the results of the analysis.  Do both programs produce a consistent 
analysis, and are they indicating that your proposed changes will be sufficient to reach 
the LOS goals?  Is the design feasible based on the site constraints?  What changes 
need to be made to adjacent businesses in order to accommodate your proposed 
changes?  Is there a compromise design which would improve conditions without 
impacting adjacent properties, but won’t reach the desired LOS goals?  Overall, what is 
your engineering judgement on whether these improvements are likely to fix the 
problem, and how feasible these changes are to make? 
 
Conclusions and Recommendations 
This section should be on its own page, and should take up most of that page, without 
any figures or tables. 
The conclusions section will be very similar in scope to the executive summary, but with 
less detail about the existing conditions, and more detail about the proposed mitigation.  
Most of this content should already be written elsewhere in your report, but you need to 
bring it back together in a condensed format to review (1) the unique issues with your 
site, (2) the resulting delay/LOS at the intersection if no improvements are made, (3) the 
details of your proposed solution, and (4) the operations (delay/LOS) that you anticipate 
resulting from implementing this proposed solution. 
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Notes about Appendices 
Each appendix should start with a page that just lists Appendix _ and the title of the 
appendix, then the content of that appendix will appear on subsequent pages.  When 
you’re doing this in an office, be sure to print the front page (with its title) for each 
appendix on colored paper, which will help reviewers to find information within your 
study. 
 
Appendix A – Traffic Counts 
This should include one page summarizing the raw traffic counted at the site, including 
peak hour factors, truck percentages, etc.  It would be useful if there was a short 
paragraph summarizing what day you counted, and if there were any unusual 
occurrences (like construction) nearby that could have impacted the count.  You should 
also note if you were able to count all of the periods, or if you had to do some 
interpolation. 
After the one page raw data summary, you should include scanned copies of all your 
count sheets (this isn’t standard practice in business, but is helpful for examples to 
share with future classes). 
 
Appendix B – Volume Adjustment 
The first page of appendix B should be a summary of the seasonally adjusted existing 
year volumes, as well as the design-year volumes.  A short paragraph narrative 
summarizing the seasonal/background growth adjustment factors would be helpful. 
After the one page summary of volumes, you should include copies of the NDOR 
seasonal adjustment information, as well as documentation of the historical traffic 
values at the local count stations that you used to justify your growth rates. 
 
Appendix C – HCM analysis of existing conditions 
You don’t need the full report that Vistro generates here, but you should include enough 
of the pages that all of the input information is documented, including signal 
phasing/timing, and any inputs to the model you had the option to change from the 
default, whether you did or not.  This will allow any peer review in practice to check your 
work. 
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Appendix D – VISSIM analysis of existing conditions 
This appendix is a tricky one, because VISSIM doesn’t generate a report in the same 
way that the HCM style programs do.  Instead, try to provide a similar level of 
documentation: a picture of the network created (screen shot), the signal phasing used, 
the volume inputs and route choices, a summary of the simulation parameters used 
(what time was recorded, how many runs you did, etc.), as well as the average results 
for each turn movement, and the weighted average delay for the intersection.  This 
information does not all need to show up in the body of the report, but should be 
available for a peer reviewer. 
Appendix E – HCM analysis of design year no-build conditions 
Appendix F – VISSIM analysis of design year no-build conditions 
Appendix G – HCM analysis of design year mitigated conditions 
Appendix H – VISSIM analysis of design year mitigated conditions 
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DATE: ………………………………………….. OBSERVER: ……………………………………………………………
TIME: ……………….. to …………………
WEATHER: ………………………………………….
L T R L T R L T R L T R
∑PC ∑PC ∑PC ∑PC ∑PC ∑PC ∑PC ∑PC ∑PC ∑PC ∑PC ∑PC
∑HV ∑HV ∑HV ∑HV ∑HV ∑HV ∑HV ∑HV ∑HV ∑HV ∑HV ∑HV
TRAFFIC ENGINEERING (CIVE 463 - SPRING 17)
MANUAL COUNT SHEET
INTERSECTION:………………………………………………………….. and ………………………………………………………..
VEHICLE MOVEMENT
NORTHBOUND SOUTHBOUND EASTBOUND WESTBOUND
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PROJECT # SHEET # PAGE #
MADE BY: DATE:
CHKD BY: DATE:
PROJECT: REV BY: DATE:
SUBJECT: CHKD BY: DATE:
Major Street: Counter:
Minor Street: Date:
City/Town: Weather:
Passenger Cars or Equivalent
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
25 92 1 118 30 250 4 284 15 93 32 140 1 128 21 150 692
44 144 0 188 30 260 11 301 7 106 49 162 1 119 28 148 799
59 167 0 226 25 332 16 373 4 100 55 159 2 121 30 153 911
38 170 2 210 35 340 3 378 9 137 69 215 0 118 18 136 939
43 206 0 249 37 371 12 420 11 125 48 184 2 146 20 168 1021
26 190 0 216 34 352 12 398 8 138 67 213 1 153 37 191 1018
24 149 0 173 33 273 9 315 10 102 36 148 0 106 13 119 755
21 168 0 189 27 263 7 297 7 105 38 150 0 109 18 127 763
Heavy Vehicles
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
1 0 0 1 0 0 0 0 0 0 0 0 0 2 0 2 3
0 1 0 1 0 1 0 1 0 0 0 0 0 4 1 5 7
2 0 0 2 0 0 0 0 0 1 1 2 0 1 0 1 5
0 0 0 0 0 1 0 1 0 0 0 0 0 0 0 0 1
0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 2 2
0 0 0 0 0 0 0 0 0 1 0 1 0 0 0 0 1
0 0 0 0 0 2 0 2 0 0 0 0 0 1 0 1 3
0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1 1
All Vehicles
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot Peak
26 92 1 119 30 250 4 284 15 93 32 140 1 130 21 152 695 -
44 145 0 189 30 261 11 302 7 106 49 162 1 123 29 153 806 -
61 167 0 228 25 332 16 373 4 101 56 161 2 122 30 154 916 -
38 170 2 210 35 341 3 379 9 137 69 215 0 118 18 136 940 3357
43 206 0 249 37 371 12 420 11 125 48 184 2 148 20 170 1023 3685
26 190 0 216 34 352 12 398 8 139 67 214 1 153 37 191 1019 3898
24 149 0 173 33 275 9 317 10 102 36 148 0 107 13 120 758 3740
21 168 0 189 27 263 7 297 7 105 38 150 0 110 18 128 764 3564
Summary of Peak Hour Information
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
61 167 0 228 25 332 16 373 4 101 56 161 2 122 30 154 916
38 170 2 210 35 341 3 379 9 137 69 215 0 118 18 136 940
43 206 0 249 37 371 12 420 11 125 48 184 2 148 20 170 1023
26 190 0 216 34 352 12 398 8 139 67 214 1 153 37 191 1019
Total Volume 168 733 2 903 131 1396 43 1570 32 502 240 774 5 541 105 651 3898
% App. Total 18.6 81.2 0.2 8 88.9 2.7 4.1 64.9 31.0 0.8 83.1 16.1
PHF .95
% Trucks
Normal Blvd South St South St
Northbound (NW) Southbound (SE) Eastbound Westbound
5:15 PM
Southbound (SE) Eastbound Westbound
Normal Blvd South St South St
5:30 PM
5:45 PM
Start Time
4:15 PM
4:30 PM
4:45 PM
5:00 PM
Northbound (NW)
Normal Blvd
Normal Blvd
Start Time
4:00 PM
4:15 PM
4:30 PM
4:45 PM
5:00 PM
5:15 PM
N/A
.90 .85
0.0 0.0 0.0 0.0
Normal Blvd
4:00 PM
.91 .93
Start Time
Southbound (SE)
South St
Eastbound
South St
Westbound
5:30 PM
5:45 PM
5:30 PM
5:45 PM
South St
5:00 PM
5:15 PM
Start Time
4:30 PM
4:45 PM
Westbound
Raw Normal Blvd
Volumes Northbound (NW) Southbound (SE) Eastbound
Normal Blvd South St
Thursday, March 31, 2016
J. Sangster, E. Tufuor
Overcast, 55-60 fLincoln, NE
South Street (East/West)
Normal Boulevard (North/South)
Junction of Normal, South, and 40th Streets
CIVE 463 - Traffic Engineering
5:00 PM
4:00 PM
4:45 PM
4:30 PM
5:15 PM
4:15 PM
Normal Blvd
Northbound (NW)
1 of 2
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PROJECT # SHEET # PAGE #
MADE BY: DATE:
CHKD BY: DATE:
PROJECT: REV BY: DATE:
SUBJECT: CHKD BY: DATE:
Major Street: Counter:
Minor Street: Date:
City/Town: Weather:
N/A
Thursday, March 31, 2016
J. Sangster, E. Tufuor
Overcast, 55-60 fLincoln, NE
South Street (East/West)
Normal Boulevard (North/South)
Junction of Normal, South, and 40th Streets
CIVE 463 - Traffic Engineering
Seasonal Adjustment: 1.053
Background Growth to 2036: 1.220
Combined Modifyer for Design: 1.285
Peak Hour Information for Existing Conditions
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
64 176 0 240 26 350 17 393 4 106 59 169 2 128 32 162 964
40 179 2 221 37 359 3 399 9 144 73 226 0 124 19 143 989
45 217 0 262 39 391 13 443 12 132 51 195 2 156 21 179 1079
27 200 0 227 36 371 13 420 8 146 71 225 1 161 39 201 1073
Total Volume 176 772 2 950 138 1471 46 1655 33 528 254 815 5 569 111 685 4105
% App. Total 18.5 81.3 0.2 8 88.9 2.8 4.0 64.8 31.2 0.7 83.1 16.2
PHF .95
% Trucks
Existing Year Volumes for Software Inputs
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
Total Volume 176 772 2 950 138 1471 46 1655 33 528 254 815 5 569 111 685 4105
% App. Total 18.5 81.3 0.2 8 88.9 2.8 4.0 64.8 31.2 0.7 83.1 16.2
PHF .95
% Trucks
Design Year Volumes for Software Inputs
Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Left Thru Right Tot Tot
Total Volume 216 942 3 1161 168 1793 55 2016 41 645 308 994 6 695 135 836 5007
% App. Total 18.6 81.1 0.3 8 88.9 2.7 4.1 64.9 31.0 0.7 83.1 16.1
PHF .92
% Trucks
Start Time
.91 .93 .90 .85
0.0 0.0 0.0 0.0
Design Normal Blvd Normal Blvd South St South St
Volumes Northbound (NW) Southbound (SE) Eastbound Westbound
0.0 0.0 0.0 0.0
Start Time
4:30 PM
4:45 PM
5:00 PM
5:15 PM
.91 .93 .90 .85
Existing Normal Blvd Normal Blvd South St South St
Volumes Northbound (NW) Southbound (SE) Eastbound Westbound
Design Normal Blvd Normal Blvd South St South St
Volumes Northbound (NW) Southbound (SE) Eastbound Westbound
0.0 0.0 0.0 0.0
Start Time
.92 .92 .92 .92
2 of 2
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Appendix D  
D1  
D2  
D3 
Project Report Results 
Project Report Rubric 
Project Report Sample – High Performance Project 
Report Sample – Low Performance 
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Report Rubric and Grade Earned Rank 13 12 11 10 9 8 7 6 5 4 3 2 1 Average
Number of members in group 3 2 1 2 2 1 1 1 2 2 3 2 1
Report Quantity/Quality
Text Quantity 5 3 3 5 3.5 4.5 5 4.5 4 4 4 5 5 5 4.3
Text Quality 5 4.5 4.5 4.5 4 4.5 4.5 5 3.5 4.5 5 5 5 5 4.6
Figure Quantity 5 3 4 4.5 4 3.5 4.5 4.5 4.5 5 5 5 5 5 4.4
Figure Quality 5 4 4.5 3.5 3 4.5 4 4.5 4.5 4 5 4 5 4.5 4.2
Professionalism 5 4 4.5 3.5 3.5 4 4.5 4.5 4 4 5 5 5 5 4.3
Cover
Included 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Names, location, image 1 1 1 0.5 1 1 1 1 1 1 1 1 1 1 1.0
Table of contents
Included 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Page numbers correct 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Executive Summary .7-1/0 .5/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0 1/0
Included 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Background 1 1 1 0.5 1 1 1 1 1 1 1 1 1 1 1.0
Existing analysis 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
No-build design year analysis 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Recommended mitigation 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
1. Background (starts page 1) 2-3/2-3 .5/1 1/1 2/3 3/3 2/3 3/3 2.5/3 2/2 2/3 8/15 4/4
Included 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Introduction to site location (f) 2 1.5 2 2 2 2 2 2 2 2 2 2 2 2 2.0
Lane configurations (f/t) 2 0 1 2 2 2 2 2 2 2 2 2 2 2 1.8
Auxiliary pocket lengths 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0.8
Phasing observations (f) 2 0 0 2 2 2 2 2 2 2 2 2 2 2 1.7
Approach speeds 1 0 0 0 1 1 1 1 1 1 1 1 1 1 0.8
Unique characteristics of the site 2 1 1 1 2 3 2 2 2 2 2 2 2 2 1.8
2. Volume Scenarios 2-3/2-3 1/1 1/2 2/2 2/2 2.5/1 2/3 2/3 2/5 1/0 1/0 1.5/3 2/5
Included 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Existing volume raw counts (t) 1 0.5 1 1 0.5 0.5 1 1 1 1 0.5 0.5 1 1 0.8
Seasonal adjustment to peak 1 0 1 0 1 1 1 1 1 1 1 1 1 1 0.8
Existing year volumes (t) 1 0.5 0 1 1 0.5 1 1 1 1 0.5 0.5 1 1 0.8
Background growth 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0.9
Design year volumes (t) 1 0.5 1 1 1 0.5 1 1 1 1 0.5 0.5 1 1 0.8
3. Existing Conditions Analysis 2-4/2-3 1.5/2 2/3 4/5 2/2 2/2 2/3 3.5/3 5/5 4/7 3/5
Included 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1.0
Explanation of delay / LOS (t) 2 2 0.5 2 0 2 2 2 2 2 2 2 2 2 1.7
Analysis with HCM methodology (f/t) 2 0 1 2 2 2 2 2 2 2 2 2 2 2 1.8
Analysis with simulation (f/t) 2 2 1 2 2 2 2 2 2 2 2 2 2 2 1.9
Commentary on match to observed conditions 3 1 0.5 0 3 3 3 2 3 3 3 3 3 3 2.3
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Executive Summary 
 
The intersection of California Street and Commercial Federal Plaza was the subject site 
for this analysis. Currently, this intersection is a roundabout with two lanes in the eastbound and 
westbound approach, and one lane in the northbound approach. There is no southbound 
approach. This site sits to the west of 132nd and California Street, the north of West Dodge 
Street, a major arterial, and to the east of 137th and California Street, a collector road. The site is 
located in a central business district and helps divert employees to their respective offices 
without disrupting the flow of traffic. The most major delay inducing factors of this roundabout 
are the situation of adjacent intersections which cause queue buildup in the roundabout, a large 
volume to capacity ratio for the northbound approach, and the unpredictability of drivers 
traversing through roundabouts. 
 Currently, under the conditions observed during the field traffic study, the intersection is 
operating an efficient Level of Service A. However, the northbound approach struggles to 
diminish delay below 10 seconds. The heavy eastbound through volume, and only one entrance 
lane into the roundabout is the main driver of this delay. The westbound and eastbound 
approach have very small conflicting lane volumes, therefore the delays seen in these 
approaches is very small which helps reduce the entirety of the intersections delay.  
West Omaha has been the location of heavy growth and development within the past 
twenty years. The projected growth rate was found to be 4.31% per year for this site. This 
drastically increases the volumes that this intersection will see in the future. To successfully 
analyze the intersection and make a recommendation, the existing roundabout was tested with 
future volumes to check its’ adequacy. With increased volumes, the northbound approach 
struggled to operate at an efficient level. The Level of Service (LOS) of the existing roundabout 
exposed to future volumes was found to operate below C with the northbound movements 
failing. 
There are two possible mitigations that will alleviate the failing northbound movement. 
The first and most apparent, is to build a protected northbound right bypass lane. This will help 
divert the high volume northbound right traffic exiting Bank of the West onto California Street 
without causing drivers to have to wait for eastbound through traffic to clear up. The second 
possibility is to construct a T-Intersection at the location of the roundabout. This option would 
require heavy construction for a period of time, but through signal optimization, delay would be 
reduced and the adequacy of the intersection improved.  
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Background 
  
The analyzed intersection consists of a roundabout along California Street and 
Commercial Federal Plaza located in West Omaha. This site lies north of West Dodge Road, and 
south of Blondo Street which are two major arterials running east and west from Downtown 
Omaha to West Omaha. The roundabout is bordered by 132nd street, an arterial connecting 
West Dodge Road and Blondo Street, to the East, and 137th street, a collector road, to the West. 
Figure 1 and 2 below display the location of the site in relation to the City of Omaha and 
neighboring streets. West Dodge Road is a multilane divided expressway and experiences large 
traffic volumes during the peak AM and PM hours as residents commute from West Omaha to 
Downtown respectively. California Street runs eastbound towards 132nd street through the 
roundabout, while it runs westbound from 132nd through the roundabout to First National Bank 
Parkway. The roundabout is situated inside a commercial business park, and helps divert traffic 
towards a number of different office buildings.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 The lane configuration of the roundabout is fairly simple. The eastbound and westbound 
approach along California Street consists of two 12 foot lanes, while the northbound approach 
along Commercial Federal Plaza consists of one 12 foot lane. The inside of the roundabout 
consists of one 12 foot lane circling the central island, and one 12 foot lane serving as a 
protected departure lane eastbound, westbound and southbound. Figure 2 displays the 
movements and lanes of the site. The approach speed from each direction is 25 miles per hour, 
and the yield signs for north and westbound approach are located 20 feet from the roundabout 
stop bars, while the eastbound approach yield is distanced 40 feet from the stop line. Figure 3 
West Dodge St 
132
nd Street 
Figure 1: Site Location Relative to city of Omaha Figure 2: Site Location Relative to Nearby Streets 
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exhibits each approach from a driver’s perspective. Since roundabouts 
operate by continuously allowing traffic to flow through, there are no 
auxiliary storage length for vehicles. Although the westbound through 
movement experiences a short to normal travel time, the eastbound 
through and northbound left movements experience an extended 
travel time compared to a conventional intersection. The Westbound 
through movement requires vehicles to travel a short relatively 
straight distance through the intersection, while the eastbound 
through requires drivers to maneuver half the circumference of the 
roundabout. 
 
 There is no signal timing for this location because of the nature of 
the roundabout. There are a few factors that play into the delay of 
vehicles as they move through the intersection, though. Most 
apparent, due to the heavy eastbound traffic volumes, the stop sign in the east bound approach 
of the T-Shaped Intersection located due east of the roundabout builds a large queue during 
peak hour times;  
which causes the northbound 
right and left queues to grow. 
Since the northbound 
approach only consists of one 
lane, when the queue is built 
up in the roundabout, the 
northbound right and left 
turn is prohibited and 
another queue begins to 
form on this approach. This 
queue buildup can be seen in 
Figure 4 which was observed 
during the initial traffic volume study. Bank of the West headquarters is also located on 
Commercial Federal Plaza, therefore a very high volume is forced to use only lane to enter 
California Street during the peak AM and PM hours. Lastly, due to their relative newness, many 
drivers are inexperienced when navigating through roundabouts, which leads to an increased 
risk of avoidable collisions and slower travel speed compared to a conventional intersection.  
 As mentioned previously, the site of the roundabout is situated inside a central business 
district consisting of commercial corporate offices. There are three office buildings that sit 
adjacent to the intersection: Wells Fargo Advisors, Cordell & Cordell Law Firm, and Bank of the 
West headquarters.  The Wells Fargo Advisors office building entry point is 150 feet away from 
the intersection and employees entering California Street from 137th street must pass through 
the roundabout to enter. Similarly, Cordell & Cordell office is 137 feet away from the intersection 
and has only one entrance point for vehicles. The roundabout is vital for this building because 
employees or clients traveling eastbound must make a complete turn through the roundabout or 
enter California Street off of 132nd street and travel westbound through the roundabout. Also, 
exiting vehicles from Cordell & Cordell that desire to travel eastbound must use the median U-
Eastbound platoon buildup Northbound Queue buildup 
Figure 4: Queue buildup observed during peak hour 
Figure 3: Top- Westbound view 
Middle- Eastbound view 
Bottom – Northbound view 
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Turn intersection and then travel through the roundabout. Lastly, Bank of West contains two 
entrance points, one off of Commercial Federal Plaza (the northbound roundabout approach), 
and one entering California Street west of the roundabout to service vehicles traveling 
eastbound from 137th street. The entrance off of California Street empties into the surface 
parking lot for the building, while the Commercial Federal Plaza entrance directs vehicles to the 
parking garage for the building, therefore a larger percentage of employees must travel through 
the roundabout to reach their destination.  Figure 2 above portrays this well. 
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Volumes 
 
The traffic volume data for California and Commercial Federal Plaza were collected on 
Wednesday April 5th, 2017 from 4pm-6pm. The intersection is located in a central business 
district (CBD) and sees very low volumes of pedestrians and bicyclists. During our two-hour field 
observation, we did not observe a single pedestrian or bicycle. Heavy vehicles were counted 
differently than passenger car vehicles. In the performed study, heavy vehicles included buses, 
delivery trucks, and large trucks. On the traffic count sheets, heavy vehicles are denoted as a 0, 
while passenger cars are a l. Since the study took place in April, the volumes need to be adjusted. 
We used a factor of 1.028, which was found using the Nebraska Department of Road’s most 
recent Annual Traffic Record. The traffic volumes are adjusted to make them equivalent to June, 
which is the peak month. Using data from NDOR’s website and observing that traffic volumes in 
the area are either staying the same or increasing, we were able to find a growth rate factor of 
4.27% a year for the next twenty years. This gave us a final growth rate factor of 2.31. Based on 
common engineering practices, the peak hour factor for the future design year was taken to be 
the same as existing for all approaches so that we could measure the worst 15 minutes. The 
traffic volumes collected can be seen below. Table 1 is the data that was collected in the field, 
Table 2 shows the traffic volumes that have been seasonally adjusted for the existing year, and 
Table 3 shows the future design volumes for the year 2036. 
Table 1: Observed Traffic Counts 
 
Table 2: Seasonally adjusted traffic volumes (existing condition) 
 
Table 3: Design Year Volumes (2036) 
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The volumes that were collected on April 5th, 2017 are believed to be representative of 
the peak hour volumes that the roundabout at California and Commercial Federal Plaza will see. 
There was no construction going on near the intersection that the traffic counts were being 
collected. Due to the area being a Central Business District, a majority of the vehicles are getting 
off work when the traffic counts were collected. If the traffic counts were collected for the AM 
peak hour, we would likely see similar traffic volumes, but different volumes for turn 
movements. We would see in increase in the westbound lefts and eastbound rights while seeing 
a decrease in northbound volumes due to people going to work for the day. From 5:00-5:30 
when people were leaving work, we noticed that queues were building up from the adjacent 
intersection of 132nd and California into the roundabout. This forced people from the Bank of the 
West on the Southeast side of our intersection to turn right to go west and take the roundabout 
as a U-turn. These vehicles were counted as a westbound left in our traffic volume counts. 
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Existing Conditions Analysis 
  
Software analysis was crucial for analyzing the existing conditions of the roundabout. The 
chosen software to analyze this intersection was PTV Vistro and Vissim. On a broad scale, Vistro 
was able to quickly analyze the intersection using algorithms based on delays from similar 
intersections while Vissim determined delay by creating simulations to mock the driving patterns 
and rules inputted into the software for the given intersection. Since their methods of 
analyzation differed, the results were not consistent with each other. Table 4 summarizes the 
data outputted from both programs and their difference. It is important to note that Vistro 
calculated delays for each movement and Vissim only displayed the values for the controlling 
delay for each approach. The average difference of delays was found to be 6.58 seconds. 
 
Table 4: Calculated Delays via Vistro and Vissim Software 
 
 
 These intersection delays are the driving force behind calculating the Level of Service for 
the existing roundabout and can be seen in Table 5. According to Vissim, each movement 
operates at a Level of Service A because the delay for each is below 10 seconds. However, Vistro 
modeled the westbound and eastbound movements as a Level of Service A, but the northbound 
movement operates at Level of Service B. Although this is worse than the other movements, a 
Level of Service B is more than adequate for the intersection. 
 
 Table 5: Delays for Respective Level of Service Table 
 
 
 The level of service for the existing roundabout can also be found using the Highway 
Capacity Manual. For roundabouts, the Highway Capacity Manual computes capacity based on a 
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variety of different lane configurations, which accounts for conflicting flow rate for each 
roundabout approach. For a two-lane entry, with two circulating lanes, such as the westbound 
and eastbound approach case, the capacity is as follows in Equation 1a and 1b: 
 
Equation 1a……………………………… 𝑐௘,ோ,௣௖௘ = 1,130𝑒൫ି଴.଻௫ଵ଴
షయ൯௩೎,೛೎೐  
Equation 1b……………………………… 𝑐௘,ோ,௣௖௘ = 1,130𝑒൫ି଴.଻ହ௫ଵ଴
షయ൯௩೎,೛೎೐  
 
Where: 
 𝑐௘,ோ/௅,௣௖௘=lane capacity adjusted for heavy vehicles for each respective lane(pc/h) 
𝑣௖,௣௖௘= conflicting flow rate (pc/h) 
 
The northbound approach was treated as a single lane roundabout because 99% of the 
eastbound volume is through and will always conflict with the northbound right and left 
movements. There is also only one entrance lane for this approach which provides further 
evidence that the northbound entering lane will act similarly to a single lane roundabout. The 
equation for capacity is shown in Equation 2: 
 
Equation 1……………………………… 𝑐௘,௣௖௘ = 1,130𝑒൫ିଵ௫ଵ଴
షయ൯௩೎,೛೎೐  
Where: 
 𝑐௘,,௣௖௘=lane capacity adjusted for heavy vehicles (pc/h) 
𝑣௖,௣௖௘= conflicting flow rate (pc/h) 
There are no bypass lanes present, or pedestrians observed during the duration of the study, 
therefore these factors were taken as one. After making the seasonal adjustment, the Peak hour 
factors (PHF) for the Northbound, Eastbound and Westbound approach were found to be 0.59, 
0.6, and 0.93 respectively. Utilizing the volumes for each movement and these PHF’s, the 
demand flow rate, v, was found, and then used to adjust for heavy vehicles. Only 15 heavy 
vehicles were observed traversing through the roundabout determining that the highest 
percentage of heavy vehicles was one tenth of a percent of the total traffic, therefore the heavy 
vehicle adjustment factor was taken as one. Entry flow rate was calculated for the northbound 
approach by summing the right and through movements since both movements share one lane. 
The westbound entry flow rate assignment was determined to be Left-Through, and Through-
Right because the inside lane has the option to make a westbound left movement while the 
outside lane can only make a through movement. The eastbound assignments were given 
Through-Right, and Through-Left similarly to the westbound approach. The northbound 
approach entry capacity was found analyzing one entry lane with two circulating lanes, while the 
east and westbound approach were found using two entry lanes and one circulating lane. Since 
the conflicting flows in each direction are less than 881 pc/h, the entry capacity adjustment for 
pedestrians was determined to be one.   
Using the Highway Capacity Manual method, the approach delays were strikingly similar 
to those found in Vistro and can be seen below in Table 6. The level of Service was determined 
to be consistent with the computer software analysis which further indicates that the 
intersection is designed adequately for the current volumes. The analysis could have yielded a 
more exact answer had the volumes per lane, left and right, were given, and because they were 
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not, we estimated that the volume was split between both conflicting lanes. Since the delays are 
fairly low, this should not be a problematic assumption. 
 
Table 6: Highway Capacity Manual Roundabout Analysis for each Lane Group 
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No Build Design Year Analysis 
 Adjusting the conflicting lane volumes and Peak Hour Factors to account for the 
increased intersection demand proved to spike intersection delay, and level of service. The peak 
hour factor was adjusted to 0.92 for each lane, and the conflicting volumes were once again split 
between the two lanes as mentioned above. There was not much delay increase for the 
eastbound and westbound movements because the conflicting movements were still small 
enough to yield a favorable volume to capacity ratio. These approaches yielded volume to 
capacity ratio of 0.014 and 0.067 respectively, and operate at Level of Service A. As expected, 
the largest increase of delay occurred in the northbound approach where delay jumped eight 
seconds. The calculated northbound delay from the HCM analysis was found to be 20.57 seconds 
causing this lane group to operate in Level of Service C. Although this indicates that the 
intersection is adequate, the assumptions made to go through the analysis could have caused 
calculated delay to be lower than actual. To begin, since we did not have volumes per lane of 
each movement it is hard to predict how many vehicles will conflict with the upcoming 
approach. For example, most eastbound travelers may travel in the right lane, which would 
cause the conflicting lane volume for the northbound approach to increase and overall delay to 
spike even higher. When adjusting the lane volume ratio from ½ to 2/3 travelers in the right lane, 
the volume to capacity ratio yields over one, and the intersection approach is now operating in 
level of service F. Table 7a and 7b below depict this well. 
Table 7a: Highway Capacity Manual Roundabout Analysis for each Lane Group (Design Year/No 
build) 
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Table 7b: Highway Capacity Manual Analysis assuming two-thirds conflicting traffic in Eastbound 
Right Lane 
 
  
 
 
 
 
 
 
 
 
Due to the inconsistency of assumptions, it is important to utilize Vistro and Vissim for 
further analysis.  Table 8 displays the delays calculated from each program and the differences 
between the two. 
Table 8: Calculated Delays via Vistro and Vissim Software for Future No-Build Analysis 
 
 
There seems to be a rather large disparity between the three methods delay calculations. 
However, after observing them all and how each delay was calculated it does not seem too far-
fetched. Stated above, Vistro calculates delay by comparing the designed intersection to 
historical data based on similar intersections.  Therefore, Vistro most likely makes a heavy 
assumption that most if not all of the eastbound through traffic is traveling in the eastbound 
right lane which directly conflicts with the northbound right and left movements. When the 
entire eastbound through volume of 883 passenger cars per hour is used for the conflicting lane 
movement in the HCM analysis, a delay of 576 seconds is computed is computed for the 
northbound approach which is now much closer to the value obtained from Vistro.  
112
 
13 
On the other hand, Vissim calculated delay based on driver habits, and randomly assigns 
vehicles to lanes in each lane group. The random distribution of vehicles created a more even 
spread of eastbound through traffic between the two lanes, causing the volume to capacity ratio 
of the approach to diminish and delay to fall to 30 seconds on this approach, placing it in Level of 
Service D. Furthermore, in reality drivers will be more cautious when traveling through the 
roundabout, and will not always enter exactly into the intersection according to the rules given 
in the Vissim program. The minimum gap time and headway was kept the same as the defaults 
given by the program, 3 seconds and 16.4 feet respectively. This input for the westbound 
approach can be seen below in Figure 5. 
 
 
Additionally, unforeseen factors that can’t be modeled in Vistro, Vissim or the HCM 
calculation, such as inconsistent travel times, accidents, and weather will all play a role in 
increasing the delay of the intersection. It is safe to predict that without adjusting the geometry 
of this roundabout, the intersection will be operating below the Level of Service goal C.  
  
Figure 5: Site Location Relative to Nearby Streets 
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Mitigated Design Year Analysis 
 
For the intersection at California and Commercial Federal Plaza we decided that we were 
going to design for a level of service (LOS) of a C with the future volumes for 2036. Based on the 
results from Vistro of the future volumes that enter the roundabout, the critical lane movement 
that was not operating at a LOS C is the northbound right that has approach delays of 451.8 
s/veh and our intersection was operating at a LOS F with a delay of 161.4 s/veh. Using this info it 
was decided that we would create two alternatives and determine which one was better based 
on available space, construction cost, construction time, and level of service.  
Alternative 1 was to add a northbound right bypass lane to relieve the critical movement 
volume that is produced by the Bank of the West. There is currently no property built on the East 
side of Bank of the West, which would allow the space for an additional northbound right to be 
built with very little construction costs and time. Since we are designing for a LOS C, the 
roundabout should have lane delays in-between 15-25 seconds. Using Vistro to add the bypass 
lane on the northbound approach we saw a significant drop in the approach delay, which went 
from 451.8 s/veh to 65.3 s/veh. Although the drop was significant the northbound right 
movement is still operating at a LOS F, which causes our intersection to be operating at a LOS D 
with 30.72 s/veh of delay. It was determined that the information from Vistro was taking into 
account parameters that weren’t observed during the traffic count study. We decided to use a 
HCM analysis to determine the LOS of the roundabout. Using Figure 6 below we were able to 
determine the conflicting flow rate for each movement, which can be seen in Table 9: 
Summarized HCM Analysis. The information in Table 9 show that each movement is operating at 
the designed LOS C or better. Based on available space, construction cost, construction time, and 
level of service the addition of a bypass lane is a viable option for the future design volumes in 
the year 2036.  
 
 
 
 
 
 
 
 
 
 
Figure 6: Capacity versus Conflicting Flow Rate 
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Table 9: Summarized HCM Analysis 
 
Alternative 2 is to create a signalized T-intersection. To determine if alternative 2 is a 
viable option we need to take into account available space, construction cost, construction time, 
and level of service. The T-intersection will include three lanes on the eastbound approach with 
one of the three being a dedicated right turn, three lanes on the westbound approach with one 
of the three being a dedicated left, and two northbound lanes with one being a shared right/left 
and the other being a dedicated right. This can be seen in Figure 7.  
 
 
Also seen in Figure 7, is the available space at the site for the future T-intersection. The 
construction of the T-intersection would create significant costs and time for the project to be 
Figure 7: Future T Lane Configuration and Space 
determination
115
 
16 
completed. Construction will also include lane closures that will create delay for the duration of 
the project.  Since we designed for a LOS C the T-intersection will see delays in the range of 20-
35 seconds. Vistro, Vissim, and a HCM analysis were used to determine the delays and level of 
service for the intersection. Vistro gave us results of a delay of 27.9 and a level of service C with a 
v/c ratio of .775 and our worst turn movement being the northbound left and the northbound 
approach operating at a LOS D. With most of the volume in the intersection coming 
eastbound/westbound it is determined that the intersection LOS is a C. The summary of the 
results and signalization timing from Vistro can be seen below in Figure 8.  
 
 
 
 
 
 
 
 
 
Vissim determined that the intersection will be operating at a LOS B with a total delay of 
19.35 s/veh with our worst movement being northbound. A summary and comparison of the 
results form Vistro and Vissim can be seen in Table 10.  
 
Table 10: Vistro and Vissim Delay Results 
 
 
 
 
Using a HCM analysis of the future T-intersection it was determined to be operating at a 
LOS C with an intersection delay of 21.1s/veh. A summary of the HCM analysis can be seen 
below in Figure 10. 
Figure 8: Vistro Results  
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Each of the three programs presented really similar results that were sufficient to reach 
the design LOS C for the project.  Due to the cost and time of construction of a completely new 
T-intersection with changed geometry and a signal, we believe that adding the additional 
northbound right bypass lane is the best alternative for the project. There is sufficient space and 
it would reduce the amount of construction that would be needed to complete the project, but 
still get the desired LOS C.  Figure 11 below depicts our proposed solution. 
 
  
Figure 10: HCM Delays and LOS of the Future T-Intersection Comparison 
determination
Figure 11: Proposed Solution Sketch via Vissim 
New lane addition 
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Conclusions and Recommendations 
 
The unique issues of our site include adjacent intersections with high volumes turning 
into the traffic coming from the roundabout creating more delay at both intersections. Another 
issue is that there are two approach lanes in every direction except for the northbound 
approach. The intersection also only sees high volumes during the AM and PM peak hour due to 
it being located in a central business district. One unique issue we observed at the site is that 
some of the business on the approach lanes can only be entered from a certain direction, which 
forces people to take the roundabout to get to these locations and causing more volume to flow 
through the roundabout. If no improvements were made at the roundabout the intersection 
would operate at a level of service F with a delay of 167.1 s/veh using Vistro and a LOS D with a 
delay of 31.65 from the HCM analysis. 
Our recommendation for the future intersection of California and Commercial Federal 
Bank Plaza is to add an additional protected bypass right lane to the northbound movement. This 
decision was made to relieve the critical volumes coming from the northbound. Due to the cost 
and time of construction of a completely new t-intersection with changed geometry and a signal, 
we believe that adding the additional northbound right bypass lane is the best alternative for the 
project. There is sufficient space and it would reduce the amount of construction that would be 
needed to complete the project, but still get the intersection to the desired LOS C with delays in 
the range of 19-27 s/veh. These delays are explained above in the report and can be found in the 
Appendix of this report. 
This recommendation was determined using a variety of manual and computer aided 
processes. The traffic volumes were obtained through a field observation, a manual process, 
which then supplemented the design of the intersection using programs such as, Vistro, Vissim, 
and CAPX. Vissim and Vistro let us freely model the roundabout, while CAPX allowed us to 
quickly find the capacity to volume ratios of each lane group to help determine which (if any) 
alternative designs would be suitable for the location and how many lanes would be necessary.  
The analysis from the software outputted intersection and approach delays. These results were 
checked to be realistic by using a mix of comparison to hand calculations for the site and 
tendencies of similar intersections.  Through thorough analysis, we confidently recommend that 
in order for this intersection to continue to operate at an adequate level, a northbound right 
bypass lane be constructed.  
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Appendix A – Traffic Counts 
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Traffic Counts 
 The traffic count was performed on April 5th, 2017 between 4:00 and 6:00 PM. The 
temperature ranged from 55-40 degrees, and the weather was overcast and windy. Traffic was 
counted by observing each approach and applying one tick i.e. “I” for each passenger car, and 
one circle i.e. “O” for each heavy vehicle. The counts were performed for 14 minutes to allow for 
one minute of summation and time to switch sheets out for the next 15 minute period. To 
accommodate for this lost minute, the values for each interval were multiplied by 1.07 or 15/14. 
The summary of the traffic count can be seen in Figure 12. The values in parenthesis indicate 
heavy vehicles. 
 
Figure 12: Traffic Count Summary 
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Appendix B – Volume Adjustment 
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30 
We collected historical data from NDOR, and found the average one year growth rate to be 4.27%. Using 
the table in Figure 14, we were able to interpolate the 20 year multiplier value as 2.31. This value was 
then used to adjust volumes for design year and can be found below in Figure 15. Figure 13 displays the 
calculation for finding the growth rate of the site. 
 
  Figure 13: Growth Rate  Calculation 
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 Figure 14: Seasonal Adjustment Factors and 20 year Multiplier Factors 
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Figure 15: Adjusted Volumes for each Condition 
132
 
33 
 
 
 
 
 
 
 
 
 
 
 
 
 
Appendix C – HCM Analysis of Existing Conditions 
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Figure 16: Manual HCM Analysis for Roundabout 
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Appendix D – VISSIM Analysis of Existing Conditions 
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Appendix E – HCM Analysis of Design Year (No-Build) 
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Figure 17: Manual HCM Analysis for Roundabout 
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Appendix F – VISSIM Analysis of Design Year (No-Build) 
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Appendix G – HCM Analysis of Design Year Mitigated Conditions 
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Appendix H – VISSIM Analysis of Design year Mitigated Conditions 
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 Executive Summary 
 
I. Background: 
 
The target intersection for this study was at 67th street and West Center road. An important 
thing to note about this location is the recent construction of the Baxter Arena in the immediate 
vicinity. The project included the addition of a northbound approach to the intersection of study. 
This means that past volume analyses for this intersection are not an accurate predictor for 
either current conditions or growth rate.  
 
II. Data Collection: 
 
Two types of data were used in the analysis. First, traffic counts were taken at the intersection 
on April 4th 2017, in order to determine the current-year peak hour volumes for each approach. 
Additionally, data from nearby intersections was used to find a traffic growth rate for the area. 
The growth rate determined was less than 1% per year, so for the purpose of accounting for 
changing growth conditions in the future, a flat growth rate of 1% per year was used for the 
study. The time period of interest was the growth 
 
III. Existing Conditions Analysis: 
 
Three volume scenarios were considered and studied: the current year current condition, future 
year current condition, and future year mitigated condition scenarios. Each scenario was 
analyzed using both Vistro and VISSIM software and the results were compared. 
 
Analysis of existing conditions showed a level of service C for the intersection, and an average 
delay per vehicle of 23 seconds. Based upon this analysis, the current intersection design is 
adequate for peak hour conditions. 
 
IV. No-build Design Year Analysis: 
 
With 1% growth per year, the peak hour level of service conditions in 2037 change from a LOS 
C to a LOS D, with an average delay per vehicle of 36 seconds. 
 
V. Mitigated Design: 
 
The Mitigation change studied in this report was the addition of an additional left turn lane for 
Southbound traffic. With the mitigating circumstances considered, the peak hour level of service 
conditions in 2037 are at a LOS C, with an average delay per vehicle of 22 seconds. 
  
2 
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 Background 
 
 
The intersection of 67th and Center is located just South of Aksarben between Stinson Park and 
the Baxter Area. The peak hour for the intersection occurs between the times of 5 PM and 6 PM 
and has approximately 32,000 EADT, according to NDOR data sheets. Looking at the historical 
data from the intersection as well as neighboring intersections, the calculated background 
growth rate was flat. For purposes of analysis, a 1% growth rate was used. In addition, due to 
the growth/presence of local businesses in the area, the intersection was considered to be 
located in the central business district. For the seasonal adjustment factor, a value of 1.028 was 
used. 
 
Looking at the different approach vectors of the intersection, the East-West approaches are the 
major vectors, while the North-South vectors are the minor vectors. The South approach has 
one right turn lane, one through lane, and one left turn lane. The East approach has one right 
turn lane, two through lanes, and one left turn lane. The North approach has one 
through/right-turn lane and one left turn lane. The West approach has one right turn lane, two 
through lanes, and one left turn lane. 
 
Additional information about the current intersection geometry including phase timing, turning 
lane lengths, and approach speeds can be found in Appendix C. 
3 
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 Volume Scenarios 
 
Three separate volume scenarios were analyzed for this study: current year - current conditions, 
future year - current conditions, and future year - mitigated conditions. The combined modifier 
for the project was calculated with a seasonal adjustment factor of 1.038 and a background 
growth rate of 1.22, based off an assumed 1% growth rate, for a combined modifier of 1.254. 
 
For the current year counts, several members of the team went to the intersection on April 4 
between the hours of 4 PM and 6 PM, with the peak hour starting at 5 PM, and documented the 
traffic movements. Traffic count sheets are included in Appendix A. From these traffic counts, it 
was determined that peak hour factor, PHF, for the intersection at this time is .89 (Appendix A.) 
 
 
 
 
 
For the future traffic counts the total volume from the current year were modified by the 
combined modifier to get the estimated volume in 2037. 
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 Existing Conditions Analysis 
 
 
 
For the study of the intersection, two programs were used to analyze and compile the data 
collected during the traffic counts and estimated volumes: Vistro and Vissim. 
 
For Vistro, it compiled the delays per vehicle and from that the level of service, LOS, of the 
intersection. Additional information such as signal timing and intersection geometry were added 
to get the LOS of the intersection. The LOS, as it stands now, is C is a manageable wait time of 
23.25 seconds. 
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For Vissim, the analysis was focused on the average delays per vehicle from each approach 
and from this data, the LOS for the intersection. For the current year and conditions, the LOS 
was calculated to be  E. Based on what was observed in the field, the group thought this was 
not an accurate representation of the intersection. 
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177
 From these Vissim results, it was calculated that the average delay per vehicle was 71.64 
sec/veh leading to a LOS E. 
 
No-Build Design Year Analysis 
 
 
The no-build design year is the analysis of the intersection if nothing is done to change the 
geometry before 2037. 
 
From Vistro, the LOS for the intersection in 2037 with no changes would downgrade from a LOS 
C to a LOD D. As seen in table E.1, the delay per vehicle would be 35.8 sec in 2037. While not 
an desired wait time, 35.8 seconds is manageable wait time. 
7 
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From Vissim, the LOS of the intersection changed from a LOS of E to a LOS of D. Based off the 
comments made about Vissim in the prior section, it is believed that the Vissim data is not an 
accurate representation of the intersection. 
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 Mitigated Design Year Analysis 
 
 
For the mitigated geometry, The only geometry that changes is the SouthBound approach by 
adding a second turn lane. The rationale for adding a second turn lane is the the SouthBound 
left turn is the critical lane for the peak hour. With a limited amount of space available, adding a 
second left turn lane would be the most effective way to increase the LOS of the intersection. 
 
For Vistro, compared to the unmitigated volumes of 2037, the LOS goes from D to a LOS of C. 
By adding the second lane the intersection will be able to maintain its 2017 LOS. While this is 
an improvement to the intersection, it does not need the change to have an acceptable LOS. 
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For Vissim, compared to the unmitigated volumes of 2037, the LOS goes from D to a LOS of D. 
Based off the comments made about Vissim in the Existing Conditions Analysis, it is believed 
that the Vissim data is not an accurate representation of the intersection. 
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Conclusions and Recommendations 
 
Based of the data from both Vistro and Vissim, the group concluded the the Vissim results were 
not representative of the intersection and only the Vistro data was used in final analysis of the 
intersection. From the results generated by Vistro, the intersection geometry does not 
necessarily need to be changed to handle the 2037 year volumes. While having a LOS of D is 
not ideal, it’s not an excessive amount of time spent waiting to go through the intersection. 
 
Our recommendation would be if the city had the budget, and was interested in improving the 
intersection, adding a second left turn lane on the SouthBound approach. By adding this second 
turn lane it would bring the LOS up to a C from a LOS of D. Due to the limitation of space 
available, the easiest  way to improve the LOS of the intersection is to change the SouthBound 
approach. The East-West approaches would require additional through lanes, which would be 
impractical, and the NorthBound approach did not have a high enough volume to effect the LOS 
in any significant way. 
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 Appendices 
Appendix A - Traffic Count Sheets & PHF Calculations: 
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 Appendix B - Seasonal, Background Growth Calculations & 
Design Volumes: 
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 Appendix D - VISSIM Analysis - Current Conditions: 
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 Appendix F - VISSIM Analysis - No Build Future Conditions: 
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 Appendix G - Vistro Analysis Printouts - Mitigated Future 
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Appendix F   
F1 
Sample of Homework 
Homework Sample – High Performance 
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HOMEWORK 6 
Signal Timing and Design 
 
Due Thursday, March 30th at 11:59 p.m. 
 
This assignment took approximately: 7 hours 
 
6.1 (16 points total) A one-way intersection approach of four lanes has the following 
characteristics: 
 60-s effective green time in a 100-s cycle 
 Four 11-ft lanes 
 10% heavy vehicles 
 3% upgrade 
 Parking on one side with 15 mvts/h within 250 ft of the stop line 
 20 local buses/h stopping to pick up and drop off passengers 
 8% right turns from an exclusive RT lane 
 12% left turns from an exclusive LT lane 
 100 peds/h in each crosswalk 
 No bicycle traffic 
 A CBD location 
 No opposing approach 
 
Estimate the saturation flow rate and capacity of the three lane groups on this 
approach.  In addition to the summary table (3 points), provide justification 
(calculation) for each adjustment factor (13 points).  Show your work. 
 
Summary Table 
Lane 
Group Left Through Right 
c 711.4 1,679.1 547.6 
g/C 0.6 0.6 0.6 
s 1,185.6 2,798.6 912.7 
s(o) 1,900 1,900 1,900 
N 1 2 1 
F 0.624 0.736 0.480 
f(w) 1.000 1.000 1.000 
f(HV) 0.909 0.909 0.909 
f(g) 0.985 0.985 0.985 
f(p) 1.000 1.000 0.825 
f(bb) 0.920 0.960 0.920 
f(a) 0.900 0.900 0.900 
f(LU) 1.000 0.952 1.000 
f(RT) 1.000 1.000 0.850 
f(LT) 0.950 1.000 1.000 
f(Rpb) 1.000 1.000 0.924 
f(Lpb) 0.886 1.000 1.000 
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6.2 (23 points total) The intersection shown in the figure is to be analyzed using the 
HCM 2010 methodology.  Additional information includes: PHF = 0.92; arrival 
types 5 WB, 2 EB, 3 NB, %HV = 12% in all movements; no pedestrians – 
overpasses provided. 
A. Complete Table 6.2.1 using the provided excel base file. (11 points) 
B. Keeping the same cycle length, reallocate the effective green time to the lane 
groups based on the calculated v/s values.  Changes to the phasing diagram 
include the allowance of NBR during WBL, and EBR during NBL.  Complete 
“Summary Table 6.2.2” to document your work. (2 points) 
C. Provide backup calculations for how you determined the green time for each 
lane group in Table 6.2.1 and Table 6.2.2. (8 points) 
D. Use the results of Table 6.2.1 and 6.2.2 to explain the difficulty in using 
volume-to-capacity ratios as an indicator variable for intersection delay. (2 
points) 
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Table 6.2.1 (using provided signal timing/phasing) 
  NBL NBR EBT EBR WBL WBT Total 
LOS E D E C C A D 
d 64.7 51.1 58.8 34.1 23.1 2.9 38.8 
d(3) 0 0 0 0 0 0   
d(2) 36.0 22.4 24.1 1.2 1.7 2.9   
d(1) 28.8 28.8 34.8 32.9 21.4 0.0   
d(g) 70.0 51.9 74.5 0.9 4.8 0.0   
q(3) 0 0 0 0 0 0   
n(a) 2.4 1.8 1.4 0.0 0.5 0.0   
t(2) 20.1 18.1 13.4 2.1 5.2 0.0   
v(g) 435 359 381 30 364 1067   
d(r)  199.8 164.9 360.9 28.2 45.5 0.0   
q(2) 6.9 5.7 11.1 0.9 1.8 0.0   
v(r)  435 359 615 48 131 0   
P 0.28 0.28 0.13 0.13 0.63 1.00   
AT 3 3 2 2 5 5 X(c)= 
X(i) 0.922 0.850 0.906 0.155 0.360 0.628 0.979 
c(i) 471 422 630 281 604 1,039   
g/C (c)  0.281         0.377 0.658 
g/C(i) 0.281 0.281 0.188 0.188 0.375 0.613   
r(i) 57.5 57.5 65.0 65.0 50.0 31.0 g(tot) 
g(i) 22.5 22.5 15.0 15.0 30.0 49.0 71.5 
C 80 80 80 80 80 80 2 
v/s (c)  0.259         0.385 0.644 
v/s(i) 0.259 0.239 0.170 0.029 0.135 0.385   
v(i) 435 359 571 44 218 653   
PHF 0.92 0.92 0.92 0.92 0.92 0.92   
V(i) 400 330 525 40 200 600   
s(i) 1,676.3 1,499.9 3,359.7 1,499.9 1,611.9 1,696.7   
s(o) 1,900 1,900 1,900 1,900 1,900 1,900   
N 1 1 2 1 1 1   
F 0.882 0.789 0.884 0.789 0.848 0.893   
f(w) 1.040 1.040 1.040 1.040 1.000 1.000   
f(HV) 0.893 0.893 0.893 0.893 0.893 0.893   
f(g) 1.000 1.000 1.000 1.000 1.000 1.000   
f(p) 1.000 1.000 1.000 1.000 1.000 1.000   
f(bb) 1.000 1.000 1.000 1.000 1.000 1.000   
f(a) 1.000 1.000 1.000 1.000 1.000 1.000   
f(LU) 1.000 1.000 0.952 1.000 1.000 1.000   
f(RT) 1.000 0.850 1.000 0.850 1.000 1.000   
f(LT) 0.950 1.000 1.000 1.000 0.950 1.000   
f(Rpb) 1.000 1.000 1.000 1.000 1.000 1.000   
f(Lpb) 1.000 1.000 1.000 1.000 1.000 1.000   
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Table 6.2.2 (using revised signal timing/phasing) 
  NBL NBR EBT EBR WBL WBT Total 
LOS C B C B D A C 
d 33.2 16.2 34.8 13.3 36.5 5.0 22.8 
d(3) 0 0 0 0 0 0   
d(2) 7.6 1.2 3.4 0.1 8.7 5.0   
d(1) 25.6 15.0 31.5 13.2 27.8 0.0   
d(g) 55.6 14.2 65.6 0.4 14.1 7.5   
q(3) 0 0 0 0 0 0   
n(a) 2.2 0.9 1.3 0.0 0.9 2.9   
t(2) 18.0 9.5 12.6 1.3 9.0 9.4   
v(g) 435 359 381 30 364 1089   
d(r)  158.7 45.1 304.4 7.0 98.1 29.7   
q(2) 6.2 3.0 10.4 0.5 3.1 1.6   
v(r)  435 359 642 76 179 154   
P 0.36 0.62 0.18 0.45 0.36 0.89   
AT 3 3 2 2 5 5 X(c)= 
X(i) 0.722 0.383 0.630 0.043 0.628 0.719 0.721 
c(i) 603 936 906 1,019 346 907   
g/C (c)  0.359         0.534 0.894 
g/C(i) 0.359 0.624 0.270 0.679 0.215 0.534   
r(i) 51.2 30.1 58.4 25.7 62.8 37.3 g(tot)= 
g(i)calc 28.8 49.9 21.6 54.3 17.2 42.7 71.5 
%green 0.402         0.598   
C 80 80 80 80 80 80   
v/s (c)  0.259         0.385 0.644 
v/s(i) 0.259 0.239 0.170 0.029 0.135 0.385   
v(i) 435 359 571 44 218 653   
PHF 0.92 0.92 0.92 0.92 0.92 0.92   
V(i) 400 330 525 40 200 600   
s(i) 1,676.3 1,499.9 3,359.7 1,499.9 1,611.9 1,696.7   
s(o) 1,900 1,900 1,900 1,900 1,900 1,900   
N 1 1 2 1 1 1   
F 0.882 0.789 0.884 0.789 0.848 0.893   
f(w) 1.040 1.040 1.040 1.040 1.000 1.000   
f(HV) 0.893 0.893 0.893 0.893 0.893 0.893   
f(g) 1.000 1.000 1.000 1.000 1.000 1.000   
f(p) 1.000 1.000 1.000 1.000 1.000 1.000   
f(bb) 1.000 1.000 1.000 1.000 1.000 1.000   
f(a) 1.000 1.000 1.000 1.000 1.000 1.000   
f(LU) 1.000 1.000 0.952 1.000 1.000 1.000   
f(RT) 1.000 0.850 1.000 0.850 1.000 1.000   
f(LT) 0.950 1.000 1.000 1.000 0.950 1.000   
f(Rpb) 1.000 1.000 1.000 1.000 1.000 1.000   
f(Lpb) 1.000 1.000 1.000 1.000 1.000 1.000   
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6.3 (38 points total) The intersection of Grand Blvd, and Crescent Ave, is shown in 
the figure.  It is a simple intersection of two one-way arterials in a busy downtown 
area. 
A. Complete Table 6.3.1 using the provided excel base file. (16 points) 
B. Allowing your cycle length to vary by increments of 10, optimize the cycle 
length and reallocate the effective green time to the lane groups based on the 
calculated v/s values.  Complete Table 6.3.2 to document your work. (4 
points) 
C. Vary your cycle length in Table 6.3.2, and fill in the resulting values in Table 
6.3.3 (8 points).  Comment on the results (3 points). 
D. Provide backup calculations for the adjustment factors: f(HV), f(bb), f(LU), and 
f(Rpb)/f(Lpb). (9 points) 
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Table 6.3.1 (using provided signal timing/phasing) 
  NBT NBR EBL EBT Total 
LOS C B B F F 
d 21.6 18.7 16.8 125.3 84.8 
d(3) 0 0 0 0   
d(2) 4.1 1.2 3.1 115.4   
d(1) 17.5 17.5 13.7 9.9   
d(g) 160.7 2.1 2.9 251.2   
q(3) 0 0 0 3.10937   
n(a) 9.2 0.1 0.5 38.6   
t(2) 18.6 3.8 5.2 25.0   
v(g) 1778 112 372 5557   
d(r)  302.5 19.1 19.9 297.2   
q(2) 17.3 1.1 1.1 17.0   
v(r)  1778 112 117 1747   
P 0.42 0.42 0.69 0.69   
AT 3 3 5 5 X(c)= 
X(i) 0.833 0.234 0.459 1.059 0.947 
c(i) 2,135 474 485 3,148   
g/C (c)  0.417     0.417 0.833 
g/C(i) 0.417 0.417 0.417 0.417   
r(i) 35.0 35.0 35.0 35.0 g(tot)= 
g(i) 25.0 25.0 25.0 25.0 50 
C 60 60 60 60   
v/s (c)  0.347     0.442 0.789 
v/s(i) 0.347 0.098 0.192 0.441   
v(i) 1778 112 223 3334   
PHF 0.9 0.9 0.9 0.9   
V(i) 1600 100 200 3000   
s(i) 5,124 1,138 1,163 7,555   
s(o) 1,900 1,900 1,900 1,900   
N 3 1 1 5   
F 0.899 0.599 0.612 0.795   
f(w) 1.040 1.040 1.040 1.040   
f(HV) 0.952 0.952 0.870 0.870   
f(g) 1.000 1.000 1.000 1.000   
f(p) 1.000 1.000 1.000 1.000   
f(bb) 1.000 1.000 1.000 0.968   
f(a) 1.000 1.000 1.000 1.000   
f(LU) 0.908 1.000 1.000 0.908   
f(RT) 1.000 0.850 1.000 1.000   
f(LT) 1.000 1.000 0.950 1.000   
f(Rpb) 1.000 0.712 1.000 1.000   
f(Lpb) 1.000 1.000 0.712 1.000   
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Table 6.3.2 (using optimized signal timing) – showing optimized cycle time = 90 sec 
  NBT NBR EBL EBT Total 
LOS D C B B C 
d 37.7 29.1 18.8 14.6 22.6 
d(3) 0 0 0 0   
d(2) 10.3 1.7 2.5 5.8 7.0 
d(1) 27.4 27.4 16.3 8.8 15.6 
d(g) 418.4 5.7 2.4 214.6   
q(3) 0 0 0 0   
n(a) 15.3 0.2 0.5 46.5   
t(2) 30.9 6.6 5.0 30.2   
v(g) 1778 112 372 5557   
d(r)  741.1 46.7 21.6 321.8   
q(2) 27.1 1.7 1.0 14.2   
v(r)  1778 112 76 1133   
P 0.39 0.39 0.83 0.83   
AT 3 3 5 5 X(c)= 
X(i) 0.922 0.274 0.423 0.923 0.923 
c(i) 1,928 405 526 3,610   
g/C (c)  0.391     0.498 0.889 
g/C(i) 0.391 0.391 0.498 0.498   
r(i) 54.8 54.8 45.2 45.2 g(tot)= 
g(i)calc 35.2 35.2 44.8 44.8 80 
C 90 90 90 90   
%green 0.440     0.560   
v/s (c)  0.361     0.459 0.820 
v/s(i) 0.361 0.108 0.211 0.459   
v(i) 1778 112 223 3334   
PHF 0.9 0.9 0.9 0.9   
V(i) 1600 100 200 3000   
s(i) 4,927 1,036 1,057 7,256   
s(o) 1,900 1,900 1,900 1,900   
N 3 1 1 5   
F 0.864 0.545 0.556 0.764   
f(w) 1.000 1.000 1.000 1.000   
f(HV) 0.952 0.952 0.869 0.869   
f(g) 1.000 1.000 1.000 1.000   
f(p) 1.000 1.000 1.000 1.000   
f(bb) 1.000 1.000 1.000 0.968   
f(a) 1.000 1.000 1.000 1.000   
f(LU) 0.908 1.000 1.000 0.908   
f(RT) 1.000 0.850 1.000 1.000   
f(LT) 1.000 1.000 0.950 1.000   
f(Rpb) 1.000 0.674 1.000 1.000   
f(Lpb) 1.000 1.000 0.674 1.000   
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Table 6.3.3 Cycle length and delay interaction 
Cycle X(c)  d(1) d(2) 
Int. 
Delay 
Level of 
Service 
L:30 1.23 8.4 393.7 402.1 F  
40 1.093 9.3 166.5 175.8 F  
50 1.025 10.2 61.8 72 E  
60 0.984 11.3 22 33.3 C  
70 0.957 12.7 12.1 24.8 C  
80 0.937 14.1 8.7 22.8 C  
90 0.923 15.6 7 22.6 C  
100 0.911 17 6.1 23.1 C  
110 0.902 18.4 5.5 23.9 C  
120 0.895 19.9 5 24.9 C  
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6.4 (20 points total) Consider the following results of an HCM analysis of a WB lane 
group at a signalized intersection, as summarized here: 
 v = 800 veh/h 
 c = 775 veh/h 
 g/C = 0.40 
 C = 90 s 
 Initial queue = 0.0 
 T = 0.25 h 
 AT = 3 
 
A. What total control delay is expected during the first 15-minute analysis 
interval that these conditions exist?  Show all work. (18 points) 
 
B. If the demand flowrate increases to 825 during the second 15-minute analysis 
interval, what is the additional delay per vehicle during this second period that 
is caused by the queue left over at the end of the first analysis period? (Only 
calculate 𝑑3 for time = 15 minutes until time = 30 minutes)  Show all work. (2 
points) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
6.5 (3 points total) The capacity of a signalized intersection lane group is estimated 
using the HCM methodology, with standard values as follows: 
 𝑠𝑜 = 1,900 pc/hg/ln 
 𝑁 = 2 lanes 
 𝐹 = 0.75 (product of all adjustment factors) 
 𝑔/𝐶 = 0.60 
 
If a capacity of 1,900 veh/h for this lane group was measured in the field, what 
normalized value of 𝑠𝑜 should be used to adjust the HCM methodology to yield 
the correct estimate? 
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